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ABSTRACT

This report contains the research results from 1988 research grant
NAG8-641 from NASA/MSFC and a follow on 1989 contract NAS8-36955.
Therefore, some of the results in this report were documented in the
final report, Automatic Programmin 9 of Simulation Models, UAH Report 725,
September 1988.



1.0 INTRODUCTION

The concepts of software engineering offer an approach to minimizing

software development problems and to improving the overall simulation

modeling environment. Software engineering encompasses the entire life

cycle process by which a program is conceptualized, structured, programmed,

verified, validated, and maintained. The goal of software engineering is

to develop quality code, on time, and within budget. To meet this goal

requires a variety of programming tools such as a good language with a

library of reusable modules, a flexible editor, and a potent debugger.

The focus of this research project is on using the concepts of soft-

ware engineering to improve the simulation modeling environment. Of spe-

cial interest is to apply an element of rapid prototyping, or automatic

programming, to assist the modeler define the problem specification. Then,

once the problem specification has been defined, an automatic code genera-

tor is used to write the simulation code.

The following two domains were selected for evaluating the concepts

of software engineering for discrete event simulation: manufacturing

domain and a spacecraft countdown network sequence.

The specific tasks for this follow-on contract were to:

1. Define the software requirements for a graphical user interface

to the Automatic Manufacturing Programming System (AMPS) system.

2. Develop a graphical user interface for AMPS.

3. Compare the AMPS graphical interface with the AMPS interactive

user interface.



2.0 MODELINGLIFE CYCLE

There has been considerable interest in improving the process for

developing simulation models. One area of interest is the development of

simulation support environments. Henriksen (1983) suggests a simulation

software development environment composedof a set of integrated software

tools. Standridge (1983) proposes the integration of software tools and

database managementtechniques on each stage of the simulation model deve-

lopment process. Pidd (1984) also outlines a simulation support environ-

ment concept for handling one simulation problem at a time.

Overstreet and Nance (1985) emphasize the need of a specification

language to assist in analysis of discrete event simulation models. Balci

(1986) describes the requirements for general model development environ-

ments with focus on discrete event simulation modeling. Balci and Nance

(1987) report a simulation support system for prototyping the automation-

based paradigm. Rozenblit and Ziegler (1985) set up a conceptual framework

for constructing knowledge-based, computer-aided environment for hierarchi-

cal, modular discrete-event modeling.

More recently, the Semiconductor Manufacturing Technology Initiative

(SEMATECH)is developing a coherent modeling environment called CHIPS

(Coherent Intergrated Planning System). CHIPSconsists of five major modu-

les: process flow analysis module, queueing network analysis module, system

simulation module language, and a cost analysis module (Phillips, et al

1989). SEMATECHis a cooperative project between industry and government

with the goal to recover the world leadership in semiconductor manufac-

turing.
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Figure 1 outlines the phases of the model life cycle (Balci 1986 and

Nance 1988). Basically, the modeling process is iterative rather than

sequential as indicated in Figure 1. That is, the modeler goes back and

forth between the various phases during the modeling process.

Figure 1 can be considered as the traditional approach to simulation

modeling (Balci 1986 and Nance et al 1988). The same process also applies

to general modeling problems. The process consists of six stages described

on the left side of the figure. On the right side, different types of

models generated at different stages through the process are listed. For

example, a conceptual model of a manufacturing system may be the

understanding of the system by the modeler and in the mind of the modeler.

A communicative model of the manufacturing system may be a graphic repre-

sentation of the system in the form of a block diagram, flowchart, or net-

work diagram. A GPSS simulation program of the manufacturing system is a

programmed model. The model results are generated by executing the program.

3.0 SOFTWARE ENGINEERING IN THE MODELING LIFE CYCLE

Rapid prototyping is a technique used in software engineering for

capturing system requirements early in the modeling life cycle so that

these requirements can be evaluated, tested, verified and validated early

in the process before starting the actual coding. The end result of rapid

prototyping is the potential for large increases in productivity.

An element of rapid prototyping is the automatic conversion of the

communicative model into executable code. Automatic Programming (AP) is

defined as the automation of some aspects of the computer programming pro-

cess (Barr 1982). This automation is accomplished by developing another

3
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program, an automation programming system, that raises the level of

satisfying computer program instructions. In other words, an AP system

helps programmers write programs. AP systems improve the overall environ-

ment for defining and writing programs (Brazier and Shannon 1987).

Consequently, there should be a reduction in the amount of detail that the

programmer needs to know.

To write simulation programs automatically, two phases in the

simulation modeling process are usually automated. The first phase is the

automation of the process of specifying the problem. The second phase, and

the more difficult phase, is the automatic generation of executable code in

the target simulation language.

3.1 Problem Specification

Figure 2 shows the overlaying of automatic programming onto the

modeling life cycle in Figure 1. Phase II, model development, has been

replaced by a user interface program that assists the modeler in defining

the problem specification.

The automatic problem specification can be considered as an intelli-

gent assistant to the user in defining the simulation model. Some authors

call this approach the specification acquisition element of the simulation

model construction (Murray and Sheppard 1988).

Three approaches for assisting the user in defining the simulation

model or problem specification are:

°Natural language interface

°Interactive graphical interface

°Interactive dialogue interface

5
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There is a fourth approach for assisting in the

problem specification, which is the use of a high-level

language. This approach is less domain specific.

high-level specification language requires the

language in order to define a problem.

definition of

specification

However, the use of a

user to learn another

3.1.1 Natural language interface

The Natural Language Interface (NLI) allows the user to specify the

problem in free text format to the computer via a keyboard. The NLI then

attempts to parse the text and automatically generate the simulation code

in the target language. Most NLI's communicate interactively with the user

to identify missing information and possible inconsistencies. The Natural

Language Programming for Queueing Simulations (NLPQ) (Heidorn 1974) and the

Electronic Manufacturing Simulation System (EMSS) (Ford and Schroer 1987)

are two examples of a NLI.

3.1.2 Interactive graphical interface

The second approach to assist the user in specifying the problem is

an Interactive Graphical Interface (IGI), which is less difficult than the

NLI. An IGI consists of a menu of icons that are mouse selectable by the

user in constructing a graphical representation of the system being simu-

lated. Once the system has been constructed, the user inputs the attribu-

tes corresponding to the icons through the keyboard.

An example of an IGI is by Khosnevis and Chen (1986) who developed

an object-oriented approach for graphically modeling a system. This system

is rule-based and written in common LISP on an IBM PC. Once the graphical
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description of the model is completed, the system automatically generates

the equivalent SLAM simulation code.

3.1.3 Interactive dialogue interface

The third approach to assist the user in defining the problem speci-

fication is the Interactive Dialogue Interface (IDI). An IDI consists of a

series of questions that are asked the user. Among the three approaches

for defining the problem specification, the interactive dialogue interface

is the one most commonly used by developers.

Several systems have been developed using the interactive dialogue

approach. Haddock and Davis (1985) have developed a Flexible Manufacturing

System (FMS) simulation generator. Brazier and Shannon (1987) have deve-

loped an automatic programming system for modeling Automated Guided Vehicle

System (AGVS). Murray and Sheppard (1988) have developed a Knowledge Based

Model Construction (KBMC) system to automate model definition and code

generation. These last three systems generate SIMAN code.

3.2 Automatic simulation code 9eneration

In Figure 1, Phase III, write model, has been replaced in Figure 2

by an automatic code generation program. Basically, two approaches exist

for taking the internal problem specification and then automatically

generating executable code in the target simulation language. The first

approach is to generate simulation code directly from the internal repre-

sentation of the problem specification.

A second approach is to use a library of predefined macros to assist

in the automatic generation of the simulation code. The advantage of such

8



an approach is the ability to solve more specialized problems than those

previously discussed in the literature. The disadvantage is that most

macros are domain specific. As a result, additional macros are needed to

solve another problem domain.

4.0 AUTOMATIC MANUFACTURING PROGRAMMING SYSTEM (AMPS)

4.1 Introduction

The Automatic Manufacturing Programming System (AMPS) is a software

engineering tool for rapidly prototyping selected phases of the simulation

process for domain specific manufacturing systems. The AMPS system con-

sists of the following elements:

°A set of generic manufacturing modules written in GPSS/PC (Minuteman

1986)

°An interface program for extracting the problem from the user and

for creating a problem specification file

:An automatic code generator program for creating the code in the

target simulation language GPSS/PC

The AMPS system domain is those manufacturing systems that can be

described as having:

°Assembly and subassembly lines where parts are being added to an

assembly.

:Manufacturing cells that are providing parts to the assembly and

subassembly lines.

°Inventory of parts being moved between the manufacturing cells and

subassembly lines.



4.2 AMPS System Overview

Figure 3 is an overview of the AMPS system operation. Once the user

has scoped the problem domain, the user sits at a workstation and responds

to the questions from the interface program. Based on the responses, the

interface program creates an internal problem specification file. This

file includes the manufacturing process network flow and the attributes for

all stations, cells and stock points. The problem specification file is

then used as input to the automatic code generator program which generates

the simulation program in the target language GPSS/PC.

The user then adds the experimental frame, such as the run state-

ments, and the GPSS/PC simulation program is executed. To change the

GPSS/PC model, the user recalls the problem specification. The user inter-

face then provides the simulationist with a number of options to change or

modify the problem specification. The code generator will then rewrite the

GPSS program.

4.3 Library of GPSS Macros

In analyzing most manufacturing systems at the macro level, the

following function are generally similar in nature:

o Assembly - adding part X to part Y resulting in part Z

° Fabrication - making of part X from part Y

: Inspection - inspecting part X

: Inventory transfer - moving part X or a cart of part X from stock

point A to stock point B

° Simple operation - performing an operation on part X resulting in

a modified part X

10
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These five functions represent the current domain of manufacturing

functions within the AMPS system. Once the manufacturing functions have

been defined, GPSS subroutines are written for the functions (see Appendix

A). These routines constitute a library of predefined GPSS subroutines, or

macros. This library of macros is then called, when needed, in the

construction of the GPSS simulation model. Currently, the AMPS system has

the following five GPSS subroutines:

° Assembly

° Manufacturing

° Inventory transfer

° Inspection

° Task

In a recent article on SEMATECH (Phillips, et al 1989), researchers

have identified ten machine modules for the semiconductor manufacturirlg

do;_ain. Furthermore, the SEMATECH group has indicated that possibly no

more than 16-20 generic machine modules may be required to completely

represent the semiconductor manufacturing environment.

Figure 4 briefly describes each of these macros. For example, the

assembly station macro has the capability of simulating the adding oF a

variety of different items to the incoming part resulting in a modified

part that is then transferred to the next destination, a station or stock

point. For example, in Figure 4, station STA1 may assemble two part C's

and three part D's to the incoming part A resulting in Part B.

The manufacturing cell makes a cart of specified parts when an order

is received. The cell can make multiple part types. For exa,nple, i,i

Figure 4, cell MC1 may make orle part A from two part C's and three part D's

12
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and one part B from one part D. The task station performs an operation on

a part. For example, in Figure 4 an operation is performed at station STA4

on part E resulting in a modified part E. The inspection station inspects

a defined percentage of parts. Of those inspected, a defined percentage is

defective. Of those defective, a defined percentage is scrapped.

The inventory transfer macro grants part requests from an assembly

station or a manufacturing cell and checks if the inventory system is a

push or pull. For a pull system the macro orders a cart of parts by

sending an empty cart back to the source and sends a full cart of parts to

the demand stock point from the source stock point.

4.4 Sample Problem

Figure 5 is an example of a typical manufacturing system that can be

modeled by the AMPS system. The manufacturing system consists of one

assembly line, two subassembly lines, and two manufacturing cells. The

assembly line consists of two assembly stations, one task station and one

inspection station. Subassembly line 2 consists of one assembly station

and one task station while line 3 consists of two assembly stations.

Manufacturing cell MCl provides part type C for assembly station ASSY1 and

part type H for assembly station ASSY8. Manufacturing cell MC2 provides

part type E for assembly station ASSY5 and part types F and G for assembly

station ASSY7. There are a variety of stock points, labeled A through L,

located throughout the manufacturing system.

The GPSS program for the manufacturing system in Figure 5 that was

generated by AMPS consists of 344 blocks, of which 110 blocks are for the

five macros, 25 blocks are for the main program and 209 blocks are matrix

savevalues for defining the system attributes.

14
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5.0 AUTOMATIC NETWORK PROGRAMMINGSYSTEM (ANPS)

5.1 Introduction

Large simulation projects have been undertaken for the space

program. One of the projects involve simulating the countdown sequence

prior to spacecraft liftoff. A countdown has a number of constraints. For

example, on a lunar mission, these constraints may include allowable launch

azimuth, required earth orbit inclination, daylight at the lunar landing

area, and daylight at the primary recovery area. As a result of these

constraints, a launch window of only several hours could exist during three

consecutive days in a month.

Another constraint is the cryogenic propellents. The handling of

the cryogenic propellents prevent a launch hold from one day to the next.

For example, a launch that is scrubbed after the cryogenics have been

loaded is generally delayed at least until the third day within the launch

opportunity. In addition, a typical prelaunch consists of thousands of

events, both on the launch vehicle, as well as the ground support equip-

ment, that must be successfully completed to launch within a given launch

window.

The Automatic Network Programming System (ANPS) is a tool to assist

the modeler of prelaunch countdown sequences define the problem, and to

then automatically generate the program code in the target simulation

language GPSS/PC. The domain of problems that can be solved by ANPS is the

prelaunch activities of space vehicles and the operation of supporting

ground support equipment. A broader domain is reliability network models

of hardware systems and subsystems.

16



5.2 Previous Research

Snyder et al. (1967) have developed a simulation model of the Saturn

V prelaunch activities beginning at T-24 hours and continuing through T-O

hours, or lift-off. This model was used to predict the probability of

launching the spacecraft within a given launch window. A second objective

of the model was to identify locations in the countdown for placing holds

and to determine the length of these holds. The model consisted of over

1100 vehicle subsystems and 400 ground support subsystems. A detailed time

line was developed showing the interrelationships of these subsystems. In

additions to the time line, the model

reliability data, and maintenance data.

and ran on an IBM 360 computer.

input included operational data,

The model was written in GPSS-II

The Synder model was expanded to include multiple launch windows and

the operational sequence when a launch window was missed and the spacecraft

had to be recycled to the next launch window (Schroer 1969). The model was

used to predict the probability of launching a spacecraft within a given

set of back-to-back launch windows. A second objective was to predict the

probability of launching in a subsequent window, given a window had been

missed and a recycle sequence and a possible hold had to be executed before

resuming the countdown.

5.3 ANPS System Overview

The three AP elements in ANPS are an Interactive Dialogue Interface

(IDI), a library of software modules, and an automatic simulation code

generator.

17



The actual operation of ANPSis similar to AMPS(see Figure 3). The

ANPSsystem uses an interactive dialogue interface to assist the user

define the problem specification. Using this interface, the user sits at a

personal computer and enters into a dialogue with the ANPSsystem. Based

on the user's responses, the interactive interface creates an internal

problem specification file. This file includes the time line for the

countdown sequence, the attributes for the activities, and the dependent

relationships between the activities. The specification file is used by

the code generator program to create the simulation program in the target

simulation language GPSS/PC.

5.4 Library of GPSS Macros

Since the ANPS system is domain specific to prelaunch countdown

sequences, the number of needed software modules is minimal. Consequently,

ANPS consists of the following four GPSS modules (see Appendix B):

° Fixed activity operation function (VENT A)

° Continuous activity operation function (VENT B)

° Activity failure function (FAIL)

o Activity interrupt function (XACT DELAY)

These modules were selected based on a detailed evaluation of the

two previously discussed models by Synder (1967) and Schroer (1969).

Interestingly, several of these previously developed modules were written

as Fortran HELP routines using the old GPSS-II.

The fixed activity operation function (VENT A) simulates the opera-

tion of each fixed time activity and its time to failure. If the activity

fails during its operation, the transaction is fowarded to the activity

failure function (FAIL).

18



The continuous activity operation function (VENT B) simulates the

operation of each continuous time activity and its time to failure. This

activity is not completed until all other related activities are completed.

For example, system power is a continuous time function that will be on

until all activities requiring power are completed. If the activity fails,

the transaction is fowarded to the activity failure function. (FAIL).

The activity failure function (FAIL) simulates the failure of an

activity as indicated by functions VENT_A and VENT _ B. When an activity

fails, all the dependent activities enter a hold state. The function then

simulates the time to repair the activity. If another activity fails

during the delay of a dependent activity and the dependent activity is

dependent on the first failed activity, the additional time to repair, if

any, is added to the delay of the dependent activity. The failure function

assumes that a dependent activity that has been delayed cannot fail during

the delay. The activity interrrupt function XACT DELAY contains the logic

to add any additional time to an activity on hold if another activity fails

during the hold and the held activity is dependent on the failed activity.

The ANPS macros impose the following constraints:

o An activity failure will cause that activity to be delayed until

the failure has been repaired.

o All dependent activities will also be delayed for the same time

until the failure has been repaired.

o If another activity fails during the delay of a dependent activity

and the dependent activity is also dependent on the just failed

activity, the additional time to repair, if any, is added to the

delay of the dependent activity.

19



° A dependent activity that has been delayed cannot fail during the

delay time and will not cause other dependent activities to be

deIayed.

: No two continuous activities can end on the same node.

° No two activities can start from the same node and terminate on

the same node.

° No two activities can start from the same node and terminate on

the same node.

5.5 Sample Problem

Figure 6 is a time line for a simplified prelaunch countdown

sequence consisting of 16 fixed activities and two continuous activities.

Figure 7 is the time line redrawn in the form of a network diagram and

structured for input to the ANPS system. The dotted lines in these figures

indicate time line constraints. For example, activities ACT11 and ACT15

must be completed before starting activity ACT12. ACT21 is a dummy acti-

vity with zero time that is used to impose the activity ACT15 constraint.

Several other dummy activities were also required to construct the

network diagram. For example, dummy activity ACT23 was added to simulate

the termination of the second continuous activity ACT2, since no more than

one continuous activity can end at a node. Also, dummy activity ACT19 was

added at the completion of activity ACT5 since no two activities can start

from the same node, node 2, and end at the same node, node 4.

Table I contains the time attributes for the activites in the pre-

launch countdown. These attributes include activity duration, activity time

to failures, and activity time to repairs. Note that activities ACT1 and

20
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Table I. Countdown sequence attributes

Duration Fallure Repair

Activity (hours) time lhours) time (minutes)

I Contlnuous E(33) N(60,6)
2 Continuous E(33) N(60,6)
3 4 E(12) N(30,3)
4 8 E(12) N(30,3)
5 6 E(12) N(60.6)
5 4 E(12) N(45,5)
7 4 E(12) N(45,5)
8 4 E(12) N(60,5)
9 8 E(12) N(60,5)
10 8 E(12) N(60,6)
11 G E(12) H(45,5)
12 5 E(12) N(30,3)
13 4 E(12) H(60,6)
14 4 E(12) N(90,9)
15 10 E(12) N(50,6)
16 6 E(12) N(120,2)
17 4 E(12) N(50,6)
18 4 E(12) N(45,5)
19 Oummy - -
20 Dummy - -
21 Dummy - -
22 Dummy - -
23 Dummy - -

Table II. Operational dependencies between activities

Activity

5
7
8
9

10

11
12
13
14
15

16
17
18
19
20

21
22
23

1 2 3 4

X X

X

X

X X

X X

X

7 8

X X X

Dependent Act t vi ty

9 10 11 12 13 ).4 15

X X

X X

X

X

X

X

X

X

X

16 17 18 19 205 G

X

X

X

X

X

X

X

X

21 22 23

X

X

X



ACT2 have continuous operation times. That is, these activities will

operate during the entire prelaunch countdown. An example of a continuous

activity is electrical power that may be needed to operate a numer of acti-

vities.

Table II contains the operational dependencies between the activi-

ties. In other words, the table gives the effect of an activity failure on

other activities in the prelaunch. For example, a failure of the con-

tinuous activity ACT1 will cause a stopping of activities ACT3, ACT4, ACT5,

ACT12, ACT13, and ACT18. Likewise, a failure of activity ACT4 will cause a

stopping of activity ACT5.

Figure 8 gives the distribution of time to complete the prelaunch

sequence in Figure 6. This distribution is based on the simulation of 200

launches. The mean time to complete the countdown is 34.2 hours. Launch

vehicle availability (LVA) is defined as the probability of launching

within a given launch window. The LVA for up to six hour window is given

in Figure 9. The LVA for a two hour window is 0.015 and increases to

0.596 for a six hour window.

6.0 DEVELOPMENTAL AP SYSTEMS

Table III contains a comparison of the six platforms that have been

developed for the AMPS and ANPS systems. Two programmers were used to

develop the systems. Programmer A was Mr. W.S. Dwan who was a graduate

student in computer science at the University of Alabama in Huntsville

(UAH). Mr. Dwan was experienced in LISP on a Symbolics workstation.

Programmer B was Mr. S.X. Zhang who was a visiting scholar at UAH from

Northwestern Polytechnical University in Xian, China.
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6.1 AMPS/Symbolics

The AMPS system was initially developed for the Symbolics 3620

workstation and used the Interactive Dialogue Interface (IDI). Figure i0

is a portion of a typical IDI dialogue. The AMPS system was written in LISP

by programmer A in six man months. The system consisted of 1,500 lines of

LISP code. The code production was 250 lines per month.

A detailed description and operation of the AMPS system is given in

UAH Report 720, Automated Manufacturin 9 Programmin 9 System User's Manual,

September 1988. The system has been submitted to NASA COSMIC (reference #

28367). The AMPS/Symbolics system was also ported to the TI Explorer

workstation.

6.2 ANPS

ANPS was the second system developed and used with the IDI dialogue.

Figure 11 is a portion of a typical IDI dialogue. This system was deve-

loped by programmer B using Turbo Prolog on an IBM/PC. The system con-

sisted of 1,300 lines of code. The code production was 325 lines per month.

A detailed description and operation of the ANPS system is given in

UAH Report 735, Automatic Network Programming System User's Manual, October

1988. The system has been submitted to NASA COSMIC (reference #26091).

6.3 AMPS/PC

This version of AMP was developed in Turbo Pascal on an IBM/PC and

uses an IDI dialogue. The system was developed by programmer B using Turbo

Pascal (Borland 1987) on an IBM PC. The system consists of 1,900 lines of

code. The code production was 633 lines per month.
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Figure

How many typesof finalproductsto be made in the manufacturingsystem:2

Name of the productl: A

Name of the product2: B

Do you want to modifythe inputabove?(Yor N) No.

* Specification of productk

Type of the facilityused to produceproductA at the finalstage:Assemblyline

Name of the line to produceproductA: MAIN

Numberof stationsin lineMAIN: 2

Capacityand initialinventoryat the stock points:

Maximumnumberof parts at stockpoint:2000

Initialnumberof parts at stockpoint:0

Do you want to modifythe inputabove?(Yor N) No.

* Descriptionof line MAIN

Inputprocess (Interarrivaltime of orders):
Time:

Distribution:Exponential

Mean:lO0

Do you want to modifythe inputabove? (Y or N) No.

station i

(I) Stationid: 1

(2)Type of station:Assemblystation
(3) Stationname:ONE

(_) Part required:

Numberof part typesrequired:2

Name of part:C

Numberof part:I

Nameof part: D
Numberof part: 2

(5)Time:

Distribution: Normal
Mean: 100

Standard deviation: 2

Do you want to modifythe inputabove?(Yor N) No.

10. Typical IDI dialogue for AMPS/Symbolics
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Name of GFSS program _ile : EXAMPLEI

Name of GF'SS problem specification file: SPECI

Number of activities : 7

Activity attributes

Activity name : $ACTI

Activity type (_i:'ed/variable) : FIXED

Duration distribution type : CONSTANT

mean time : 20

Starting node number

Ending node number

MTTF distribution type
mean time

: 1

: 5

: CONSTANT

: 1 10

MTT_ distribution t,Ipe
mean time

: CONSTANT

: 0

Number o_r dependent activities : 0

Do yc,u want t,--,modi_:,, the above input (Y 'N: : N

Figure 11. Typical IDI dialogue for ANPS
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A detail description and operation of the system is given in UAH

Report 723, Automatic Manufacturing Programmin9 System User's Manual,

October 1988. The system has been accepted for publication by NASA COSMIC

(reference #28398).

6.4 AMPS/PC

This version of AMP is identical to the AMPS/PC in Section 6.3. The

only difference is this version is written in Turbo C (Borland 1988) for

the IBM/PC. The system consists of 1,300 lines of code. The code produc-

tion was 325 lines per month. This system has not been submitted to NASA

COSMIC.

6.5 AMPS/Graphics

This version of AMPS was developed for the Symbolics 3620 worksta-

tion and uses the Interactive Graphical Interface (IGI). The system was

written in LISP by programmer A in fifteen months. The system consists of

3,500 lines of code. The code production was 233 lines per month.

The AMP/Graphics system is documented in UAH Report 788, Automatic

Manufacturin 9 Programming/Graphics , August 1989. The system is being sub-

mitted to NASA COSMIC. Since the AMPS/Graphics has been developed under

the followon contract, a more detailed discussion of the system follows.

6.5.1 AMPS/Graphics Overview

An overview of the AMPS/Graphics system is given in Figure 12. The

user sits at a Symbolics 3620 workstation to create or modify the model.

The output of the Interactive Graphical Interface (IGI) program is the
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Report of
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Figure 12, AMPS/Graphics system overview

32



problem specification file. The automatic code generator program combines

the specification file with the selected GPSS/PC macros and writes the

simulation program. The program is then downloaded to the IBM PC and exe-

cuted by the GPSS/PC system. To modify the program, the user recalls the

problem specification file and the cycle repeated.

The tree structure of the AMPS commands is given in Figure 13. The

system consists of five menus: Main, Model, Layout, Specification and

GPSS. In summary, the Main Menu contains the master control commands. The

Model Menu contains the commands for creating, editing, saving, and reading

models. The Layout Menu contains the commands for constructing the model.

The Specification Menu includes the commands for defining the model parame-

ters. The GPSS Menu contains the commands for writing the simulation code.

Figure 14 is a list of the icons available in AMPS. These icons

serve as the construction blocks in defining a manufacturing system. To

define a manufacturing system the user selects these icons and develops a

process flow showing the various stations and the flow between the sta-

tions. Figure 15 gives all the feasible connections between the icons. For

example, it is not feasible to connect an inspection station to a manufac-

turing cell.

The function and connection rules for each of these icons are docu-

mented within the system. The user can click on an icon to learn the func-

tion .and the rules of the icon. All the connection rules are implemented

in the system as construction rules of the models. As the user creates a

model, the AMPS checks the partially

possible local violations of the rules.

rules for an assembly station.

completed model immediately for

For example, Figure 16 shows the
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Model Show GPSS Download Help Quit

Demonstration System Information

Model Menu

Create Edit Save Read Erase Main Menu

Layout Menu

Draw Icons Delete Objects Connectlcons Layout Complete Grid Main Menu -

Grid Menu

On Off Layout Menu -

I
Specify Icons

I]

Specification Menu I

Specification Complete Main Menu

GPSS Menu

Create GPSS Main Menu

v

v

Figure 13. AMPS/Graphics commands
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Ending stock point for
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Stock point for part
ordered from outside
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Push inventory system

Supply stock point of

pull Inventory system
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Figure 14. Library of AMPS/Graphics icons
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When the process flow has been completely drawn, the AMPS/Graphics

will check the completeness of the structure. After the layout has passed

the check for completeness, the user enters the parameters of the manufac-

turing system. The user then clicks on each icon to input the specifica-

tion. A parameter menu will pop up on the screen. Figure 17 shows the

parameter menu of an inspection station. The user can move the cursor to

each field to enter the data. The system then performs additional

checking. For example, the AMPS will check whether the data are the right

types for the fields. The AMPS will make certain that an initial inventory

level is not larger than the capacity.

6.5.2 Sample Problem

Figure 18 is an example of a simple manufacturing system formulated

using the AMPS/Graphics system. The manufacturing system consists of an

assembly line, MAIN and two assembly stations, STAI and STA2. The assembly

line produces part A. Station STAI assembles part C to the incoming part

and passes it to station STA2. Station STA2 then assembles part B to the

incoming part from station STAI and produces part A. Part C is supplied

through a pull inventory control system from manufacturing cell MC. A part

C is made of parts D and E at the manufacturing cell MC. Parts B, D, and E

are supplied from outside sources.

Parts arriving at the assembly line follow the exponential distribu-

tion with a mean of 100. The assemble time of each of the two stations is

a constant I00. Station STAI requires one part C and station STA2 requires

one part B for an assembly. The stock point to hold the final product,

part A, has a capacity of 1000 units.
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Figure 17. Typical parameter Input

Sta,r ti_ Point

Figure 18. Sample manufacturing system
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Part C is used at station STA1 and is manufactured at manufacturing

cell MC. A pull inventory system controls the production and shipment of

part C, which is represented by a pair of supply and demand stock points.

A vehicle WGIG is used to move the carts between the stock points. The

time to move the carts is 10. Each cart has a capacity of 4 parts C.

Initially there is a cart of parts C at each of the supply and demand stock

points. Parts B, D, and E are supplied from outside sources. Initially

there are 1000 units for each part type. Manufacturing cell MC makes part

C. One part D and two parts E are used to make one part C. The manufac-

turing time is 100 and there is no setup time.

The model is created by selecting the Model command from the Main

Menu and the Create command from the Model Menu ( See Figure 13). The

actual layout of the model is created by using the commands Draw Icons and

Connect Icons in the Layout Menu.

After the model has been completely drawn, the Layout Complete

option is selected to start specifying the model parameters. Figure 19

shows a portion of the model parameters. To specify an icon the user

simply clicks on the icon when the AMPS is in the Specification Menu.

Both the layout and the parameters can be saved for future use

through the Save command in the Model Menu. At the completion of the

problem specification, the user selects the Specification Complete command

to end the model specification. The system then leads the user to the GPSS

Menu command to create the corresponding simulation code in the target

language GPSS/PC.

Appendix D contains another sample problem. Included in this appen-

dix are layout of the manufacturing system, a listing of the input parame-

ters, and a complete listing of the GPSS simulation model.
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6.6 AMPS/PC/SIMAN

The basic AMPS/PC system in Section 6.4 was modified to create SIMAN

(Pegden 1985) rather than GPSS/PC code. This system used the identical

Interactive Dialogue Interface (IDI) as the AMPS/PC system. However, the

automatic code generator program was rewritten to create code in the target

simulation language SIMAN. A listing of the SIMAN macros is given in

Appendix C.

The system was written by programmer B in Turbo C on an IBM/PC. The

system consisted of 1,600 lines of code. The code production was 533 lines

per month. This system has not been documented and has not been submitted

to NASA COSMIC.

7.0 SYSTEM EVALUATION

The concepts developed in AMPS have been used to model three real

world problems. The first system was a Flexible Manufacturing System (FMS)

at Rexham Speedring Inc., in Cullman, Alabama. The FMS consisted of 18

stations and nine alien stations. The FMS makes four different parts with

each requiring 47, 31, 22 and 22 operations respectively (Schroer 1988).

The second system was a 25 station assembly line at SCI

Manufacturing Inc. in Huntsville, Alabama. The line assembles a health

monitoring device (Schroer 1988). The third system was a twelve station

Unit Production System (UPS) at. Camptown Togs, Inc. in Clanton, Alabama

(Schroer and Ziemke 1989).

The following observations are made based on the above implemen-

tations:

° The problem domains were sufficiently different that the AMPS user
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interface could not be used in defining the problem specification.

° The library of GPSS modules were used extensively in writing the

simulation models. For the FMS model, several additional simula-

tion modules were developed.

° By using the library of GPSS modules, the UPS model was written

and validated in less than four hours as compared to forty hours

without the use of the modules.

° The use of the GPSS modules caused the resulting simulation code

to be structured code and well documented.
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9.0 CONCLUSIONS

9.1 Comparisonof the AMPS/GRaphics System with the AMPS System

Both AMPS and AMPS/Graphics were written in Lisp on the Symbolics

3620 machine. The AMPS/Graphics used the Symbolics system dependent

Features such as the flavors (frame) window, and the graphics function.

Also, AMPS/Graphics use object oriented programming concepts. The adoption

of the above features greatly simplified the programming effort for such a

complicated system. However, these system dependent features also make the

conversion of the AMPS/Graphics to other types of machines very difficult.

On the other hand, the AMPS system used very few system dependent features.

Most of the statements in AMPS are Common Lisp compatible. Therefore, it

is much easier to convert AMPS to other platforms. For example, the AMPS

system has been successfully ported converted to a TI Explorer with only

minor modifications.

The AMPS system provides an Interactive Dialogue Interface (IDI) for

the user to create the model. In AMPS, the user must follow the preset

logic system and answer a series of questions prompted in constructing a

model. That is, the user is in a passive role. The AMPS system controls

the main logic. The AMPS system allows the user to make only very limited

modifications throughout the development process. Also, the user must

remember the stage of the development process. Consequently, it is dif-

ficult to visualize the development process of the model in AMPS.

The AMPS/Graphics has a an Interactive Graphic Interface (IGI)

through which the user builds the model mainly by icons. The user can

start building the model from any part of the model. Also, the user can
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always see the partiaily completed model on the screen. The AMPS/Graphics

system allows the user to modify any part of the model throughout the deve-

lopment process. Consequently, it is mucheasier to build a model and to

trace the logic by the AMPS/Graphics. Furthermore, a graphical model is

also a muchbetter communicative model than a descriptive model.

The AMPS/Graphics system provides several help features. For

example, on-line documentation of each icon can be obtained by clicking a

button. The documentation showsthe function of each icon and the connec-

tion rules with other icons. In the construction process, if a mistake is

made, the system will immediately give the appropriate error message. The

AMPSsystem does not have these help features.

The models created by the AMPS/Graphics can be saved and then

modified through the IGI interface.

will then be modified automatically.

capability.

It is much slower to design

The corresponding si_nulation program

The AMPSsystem does not have this

a user friendly system such as

AMPS/Graphicsat the beginning of the design process because of the many

factors to be considered. However, once the basic framework of the system

is completed, a system such as AMPS/Graphicsis much easier to modify and

expand. For example, it is rather easy to add a new facility icon or to

change a model construction rule. A carefully designed system should be

flexible enough to add or remove a construct from the system with only

minor effort. On the other hand, a system like A_4PSis easier to initially

design, and therefore is ideal to serve as a prototype. However, any

change after the initial design requires a major modification to the

system.
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The AMPS/Symbolics system makes use of some advantages of the

Symbolics machine. For example, the system automatically checks for some

types of errors, executes much faster, and has a large amount of memory

available. However, currently none of the popular commercially available

discrete simulation languages, such as GPSS, is available on the Symbolics.

The simulation programs must be downloaded to an IBM-PC to run the simula-

tion. On the other hand, the AMPS/PC system is much slower than the

AMPS/Symbolics. The small memory of the PC's also limits any reasonably

large models to be constructed on the AMPS/PC.

9.2 Summary

In summary, an Automatic Programming (AP) system, such as AMPS and

ANPS, offers a number of advantages for improving the simulation modeling

environment. These advantages include:

o Rapid prototyping - Once the necessary library of simulation modu-

les has been written, the AP system permits the user to rapidly

construct a model. As a result, the AP system produces executable

simulation code that is syntax error free.

o Software correctness - Correct simulation software requires the

definition of a complete and formal set of model requirements. An

AP system forces the user to completely define these

requirements.
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° Improved clarity of simulation code - The simulation code

generated by the AP system is structured code that is easy to

read, trace, and modify. An added benefit is embedded code docu-

mentation.

° Increased productivity - By using an AP system, the modeler should

have an increased productivity in the lines of simulation code

written per hour.

o Automatic documentation - Instead of changing program code, the

user modifies the problem specification through the AP system's

user interface. The AP system then rewrites a new simulation

model. Therefore, the problem specification file always reflects

the current configuration, or documentation, of the problem.

o Software reusability - Software reusability refers to the ability

of new simulation models to use element of other models. Large

collections, or libraries, of reusable program modules can be

defined, making it possible to develop new models by writing only

a small amount of new code. The library of GPSS modules provides

the basic building blocks for the simulation model. This library

is constantly being updated and expanded as the AP system is used

in other domains.

o Software compatibility - Software compatability is the ability of

program modules to be interfaced with other simulation code. An

AP system designed with expansion in mind and as generic as
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possible

defined.

will be easier to modify as additional requirements are

o Extendability - Since an AP system operates in a structural

environment, the overall software maintenance is less difficult.

Software designed and developed using an AP system will have each

data element and related processes grouped into one location,

making modifications simpler.

° Reduced simulation knowledge - An advantage of an AP system is a

reduction in the modeler's knowledge of the simulation language.

There are also a number of disadvantages of an AP system such as

AMPS and ANPS. These disadvantages include:

o Domain specific - Most AP systems are very domain specific.

Therefore, the systems can only model a very limited class of

problems. To model a slightly different problem in a similar

domain may require additional modules and modifications to the

user interface.

o Library robustness - A related disadvantage is the robustness of

the library of predefined modules. Generally skilled GPSS

programmers are needed to write a new modules.
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° Memory and execution time - Another disadvantage is that AP

systems require more memory and execute slower than a nonstruc-

tured equivalent simulation program. However, this disadvantage

is not as significant as in prior years because computers are now

faster and have more memory.

In comparing the IDI and IGI for the Symbolics systems, the

following observations are made:

o The IGI had 3,500 lines of code versus 1,500 lines for tile IDI.

Interestingly, the code production was similar for both systems.

° The IGI, or object oriented approach, is preferred by the user.
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GPSS Assembly station subroutine

2370 ***************************************

2380 * ASSEMBLY STATION

2390 **_**_,_.e_._____

2400 ASM ASSIGN 3,MX$STAN(P2,1)

2410 ASSIGN 7,MX$STAN(P2,2)

2420 ASSIGN 6,MX$STIME(P2,1)
2430 • ASSIGN 8,1

2440 _ ASSIGN 9,2

2450 QUEUE P3

2460 PAQ ASSIGN 8+,2

2470 ASSIGN 9+,2

2480 ASSIGN 5,MX$STAN(P2,P8)

2490 ASSIGN 10,MXSPART(PS,I)

2500 ASSIGN 20,MX$STAN(P2,Pg)

2510 QUEUE PI0

2520 TRANSFER SBR,TAKEP,RTRN2
2530 DEPART PI0

2540 LOOP 7,PAQ
2550 SEIZE P3

2560 DEPART P3

2570 ADVANCE V*6

2580 RELEASE P3

2590 TRANSFER P,RTRNI,1

GPSS Task station subroutine

1980

1990

2000

2010

2020

2030

2040

2050
2060

2070

2080

* TASK STATION *
***************************************

TASK ASSIGN 3,MX$STAN(P2,Z)

ASSIGN 6,MX$STIME(P2,1)

QUEUE P3
SEIZE P3
DEPART P3

ADVANCE V*6

RELEASE P3

TRANSFER P,RTRNI,I



GPSS Inspection station subroutine

2090

2100

2110

2120

2130

2140

2150

2160

2170

2180

2190

2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360

***************************************

* INSPECTION STATION *

INSP ASSIGN 3,HX$STAN(P2,2)

ASSIGN 4,HX$1PERC(P3,1)

ASSIGN 5,MX$1TIME(P3,1)

. ASSIGN 6,MX$1TIME(P3,2)

QUEUE HX$STAN(P2,1)
DEPART MX$STAN(P2,1)
TRANSFER ,FN*4

CHECK QUEUE MX$1STA(P3,1)

SEIZE MX$1STA(P3,1)

DEPART HX$ISTA(P3,1)
ADVANCE V*5

RELEASE MX$ISTA(P3,1)

ASSIGN 4,MX$IPERC(P3,2)

TRANSFER ,FN*4

REPAIR QUEUE MX$1STA(P3,2)
SEIZE HX$ISTA(P3,2)
DEPART MX$1STA(P3,2)
ADVANCE V*6

RELEASE MX$1STA(P3,2)

ASSIGN 4,MX$IPERC(P3,3)

TRANSFER ,FN*4

PASS TRANSFER P,RTRNI,I

SCRAP QUEUE HX$ISTA(P3,3)
DEPART MX$1STA(P3,3)

TERMINATE



3150

3160

3170

3180

3190

3200

3210

3220

3230

3240

3250

3260

3270

3280

3290

3300

3310

3320

3330

3340

3350

3360

3370

3380

3390

3400
3410
3420

* MANUFACTURING CELL *

MFG ASSIGN 13,MX$CELL(PI2,1)

ASSIGN 14,MX$CTIME(PI2,1)

ASSIGN 16,MX$CTIME(P12,2)

QUEUE P13

ASSIGN 7,MX$CSIZE(PI2,1)

CARTQ ASSIGN 17,MX$ITEM(PI2,1)
ASSIGN 8,0

ASSIGN 9,1

PARTQ ASSIGN 8+,2

ASSIGN 9+,2

ASSIGN 5,MX$ITEM(PI2,P8)
ASSIGN 10,HXSPART(PS,I)

ASSIGN 20,HX$ITEM(PI2,Pg)

QUEUE • PIO

TRANSFER SBR,TAKEP,RTRN2
DEPART PI0

LOOP 17,PARTQ

LOOP 7,CARTQ
FAC SEIZE PI3

DEPART PI3

ADVANCE V'14

ADVANCE VSMTIME

MTIME FVARIABLE V*I6#MX$CSIZE(PI2,1)
RELEASE PI3

TRANSFER P,RTRN3,1

GPSS Manufacturing cell subroutine

A-zl



2600

2610

2620

2630

2640

2650

2660

2670

2680

2690

2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810

2820

2830

2840
2850

2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990

3000
3010
3020
3030
3040
3050

3060

3070
3080
3090
3100
3110

3120

3130
3140

***************************************

* INVENTORY CONTROL *

TAKEP TEST E MX$PART(P5,2),I,PULL

PUSH TEST GE S*I0,P20

LEAVE *I0,P20

TRANSFER P,RTRN2,1

PULL ASSIGN 30,MX$CART(PS,I)

TEST GE S*IO,P20,NEEDC

MINUSP LEAVE *I0,P20

SPLIT 1,USEP

TRANSFER P,RTRN2,1

NEEDC ASSIGN 20-,S*10

LEAVE "10,3"10

SPLIT I,USEP

TEST GE S*30,1
LEAVE *30

ENTER *I0,MX$CSIZE(P5,1)

TEST GE S*I0,P20,NEEDC

LEAVE "10,P20

SPLIT I,USEP

TRANSFER P,RTRN2,1

USEP TEST G S*IO,O,EMPTYC
TERMINATE

EMPTYC SPLIT 1,ORDER1

TEST GE S'30,i

LEAVE "30,1

ENTER *IO,MX$CSIZE(PS,I)
TERMINATE

ORDER1 ASSIGN 26,MXSFGIG(P5,1)

ASSIGN 16,HX$CTIME(PS,I)

ASSIGN 36,MX$MTIME(PS,I)

QUEUE P26
SEIZE P26

DEPART P26

ADVANCE V'36

RELEASE P26

SPLIT I,GETIF

ASSIGN 12,P5

ASSIGN 15,MX$SCART(PS,I)

GETIC TRANSFER SBR,MFG,RTRN3

ENTER "15,1
TERMINATE

GETIF ASSIGN 31,MX$SCART(PS,I)

QUEUE P31

TEST GE S'31,I

LEAVE "31,1
DEPART P31

SENDIF QUEUE P26
SEIZE P26

DEPART P26

ADVANCE V'36

RELEASE P26

ENTER "30,1
TERMINATE

GPSS Inventory transfer subroutine
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1360

1370

1380

1390 VENT_A
1395

1#00

1405 BACF::'3

1410

1420

1430

1440

1450

1460

1470 TIME3

1480

1490

1500 NOFA!L

1510

1520

1530

1830

1832

1834

1840 VENT__
1842

1843

1845 TIME9

1850 T IMES

1855

1860

1865

187c)

1S.-.5BACF::6

1880

1885 BACK =_

1890 BACF:::Z

1895

1900

19C,5

1910

1915

!920 ENDA

1925

ACTIVITY

SEIZE

ASSIGN

ASSIGN

Ao_IoN

ASSIGN

TEST L

ADVANCE

ASSIGN

TRANSFER

ASSIGN

FVARIABLE

ASSIGN

TRANSFER

ADVANCE

RELEASE

TRANSFER

TIME SIMULATION GENE_'ATGR

F'2

99,MXSWORF::T_TIME(F'3_I

ETIME.V_99

98_MX$F_TIME(P3.1)

MTTF,V_98

PSMTTF,F'$ETIME,NOFAI_

PSMTTF

ROW,P3

SBR,FAIL_RTRNI

REST_TIME,VSTIMEE

PSETIME-P$MTTF

ETIME.F'$REST_TIME

,BACK3
F$ETIME

P2

P,RTRN2,1

CONTINUOUS ACTIVITY TIME SIMULATION

SEIZE

ASSIGN

SAVEVALUE

FVARIABLE

FVARIABLE

TEST L

ASSIGN

ASSIGN

TRANSFER

ASSIGN

ASSIGN

ASSIGN

GATE LR

ADVANCE

LOOP

ASSIGN

TRANSFER

TRANSFER

RELEASE
TRANSFER

P2

98_MXSF_TIME(P3_1)
FTS_V_98
X$FTS

X$FTS/100

V$TIMEg, IOO,BACK6

TIM3,1

BSUM, VSTIME9

.BACK5

TIM3,V$TIMES

BSUM, IO0

N_'_LOOPS,P$BSUM
MX$SWITCHI(F'3,1).ENDA
PSTIM3

NR LOOPS,BACK4

ROW,P3

SBR.FAIL_RTRN1

_BACK5
P2

P,RTRN2,1

GENERATOR
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i 06 ':'_
1070
1080
I r'i90
1100

1102

11L'_5

IIIC'

1120

113_':_

1140

115'_':'

1160

1173'

1180

1190

120 ri.

1220

1230

!24':'._

1250

1260

:_ ACTIVITY

FA IL ASS IGN

ASSIGN

ASSIGN

MSAVEVALUE

BACKO TEST NE

GATE U

SPLIT

TRANSFER

AB MARK

P_'EEMPT

ASSIGN

TEST LE

MSAVEVALUE

BACK 1 ADVANCE

BUFFER'.
RETURN
TERM I NATE

AA _......oIGN
LOOP

TRANSFER

FAILURE SIMULATION GENERATOR (DIRECTLY',

NR_ACTS, XSACTS

COL :1

1003 MX$R_T IME (F'$ROW, 1)

R1 TIME., PSROW_, 1 :V_ l'r_O

MXSACT_NAME (P$ROW, F'$COL)., (_.,AA

MX$ACT_NAME (PSROW_, P$COL), AA

I,AB

,AA
DELAY

MX$ACT_NAME (PSR.ON, P$COL _,

ADELAY ,,MPSDELAY

P$ADELAY.,O,XACT DELAY
R2 TIME,PSROW P$COL,M×$RI TTME;F$_F_i, _ )

MX$R2 TIME(P$R.OW,P$COL)

MX$ACT_NAME (F'$ROW, P$COL )

COL+ : 1

P_,RTRNI, I

1270

1280

1290

1300

1310

1320

i330

1340

1350

LOGIC WHEN ACTIVITY ALREADY IS INTERRUPTED

XAC-_Z,ELAY ADVANCE
MSAVEVALUE

NEWDELAY FVARIABLE

TEST L

MSAVEVALUE

TRANSFER

R2 T IME,,.F'$ROW, P$COL, VSNEWDELAY

MX$RI_TIME (P$ROW,, 1)-F'$ADELAY

MX$R2_TIME (P$ROW.,,P$COL) ,r_..,BACK1

R2_TIME: P$6:OW.,P$COL., O,
_,BACK 1
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; _

ASM

BACKASM

DOWN1

DOWN2

PICKPT

DOWN3

PULL1

PICKCAR

VECHIC

Assembly station model _

ASSIGN:A(1)=M;

ASSIGN:A(2)=O;

ASSIGN:A(2)=A(2)+I;

BRANCH, I:

IF,A(2).GT.A(4),OUT:

ELSE,DOWNI;

BRANCH,2:

ALWAYS,BACKASM:

ALWAYS,DOWN2;

ASSIGN:M=3+2_A(2);

ASSIGN:A(5)=A(M);

ASSIGN:A(6)=A(M+I);

ASSIGN:A(I1)=A(5)+3;

BRANCH,2:

IF,P(A(11),2).EQ.2,PULL1:

ALWAYS,PICKPT;

ASSIGN:M=A(5);

QUEUE,M+I;

SEIZE:PART(M),A(6);

ASSIGN:M=A(1);

QUEUE,M;

SEIZE:STATIONN(M);

DELAY:ED(A(3));

RELEASE:STATIONN(M):NEXT(LOOP);

ASSIGN:A(II)=A(5)+3;

ASSIGN:A(12)=A(5)+I;

BRANCH, l:

IF,NR(A(12)).GE.P(A(II),4),PICKOAR:

ELSE,OUT;

ASSIGN:M=P(A(11),5);

QUEUE,M+4;

SEIZE:OAR(M);

QUEUE,M+5;

SEIZE:SCAR(M);

BRANCH,2:

ALWAYS,VEOHIC:

ALWAYS,MAKE;

ASSIGN:M=P(A(11),8);

QUEUE,M+7;

SEIZE:ROBOT(M);

ASSIGN:A(12)=P(A(11),9);

DELAY:ED(A(12));

RELEASE:ROBOT(M);

ASSIGN:M=P(A(11),5);

RELEASE:OAR(M);

ASSIGN:M=A(5);

RELEASE:PART(M),P(A(11),4):DISPOSE;



MAKE

BACKMAK

DOWNMI

DOWNM2

MAKEPT

DOWNM3

CHKPUL

OUT

ASSIGN:A(1)=A(5);
ASSIGN:A(2)=O;
ASSIGN:A(4)=P(A(11),13);
ASSIGN:A(2)=A(2)+I;
BRANCH,l:

IF,A(2).GT.A(4),DUT:
ELSE,DOWNM1;

BRANCH,2:
ALWAYS,BACKMAK:
ALWAYS,DOWNM2;

ASSIGN:A(3)=2_A(2)+I2;
ASSIGN:A<5)=P(A(11),A(3));
ASSIGN:A(3)=A(3)+I;
ASSIGN:A(b)=P(A(II),A(3));
ASSIGN:M=A(5);
BRANCH,2:

ALWAYS,MAKEPT:
ALWAYS,CHKPUL;

ASSIGN:A(12)=A(6)tP(A(11),4);
QUEUE,M+12;
SEIZE:PART(M),A(12);

ASSIGN:M=P(A(ll),IO);
QUEUE,M+6;
SEIZE:MCELL(M);
ASSIGN:A(12)=P(A
DELAY:ED((A(12)>
ASSIGN:M=P(A(11)
RELEASE:MCELL(M)
ASSIGN:A(12)=P(A
DELAY:ED(<A(12>)
ASSIGN:M=P(A(11)
RELEASE:SCAR(M):

(11),12);
_P(A(II),4);
,I0);

<11),11);

,5);

DISPOSE;

ASSIGN:A(5)=M;

ASSIGN:A(11)=A(5)+3;

BRANCH, I:

IF,P(A(11),2).EQ.2,PULLI:

ELSE,OUT;

DELAY:O.O:DISPOSE;

PRECEDING PAGE BLANK NOT FILMED
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INSP

CHECK

REPAIR

SCRAP

PASS

Inspection station

BRANCH,I:

WITH,A(4),CHECK:

ELSE,PASS;

QUEUE,M;

SEIZE:STATIONN(M);

DELAY:ED(A(3));

RELEASE:STATIONN(M);

BRANCH, I:

WITH,A(5),REPAIR:

ELSE,PASS;

ASSIGN:M=A(B);

QUEUE,M+S;

SEIZE:REPAIR(M);

DELAY:ED(A(7));

RELEASE:REPAIR(M);

BRANCH, l:

WITH,A(6),SCRAP:

ELSE,PASS;

DELAY:O:DISPOSE;

DELAY:O:NEXT(LODP);

model ***

TASK

Task station model $$*

QUEUE,M;

SEIZE:STATIONN(M);

DELAY:ED(A(3));

RELEASE:STATIONN(M):NEXT(LOOP);

C-5
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ANDY-TAYLOR:>dwan>amps>model-8-stations.txt.l 3/15/89 09:05:47 Page 1

Parameters of Example Model Model-8-Stations

5tort4ng Po(nt of L4ne
Ntme of 1(he: V

Znter_tvel t4ne d4mr_tbuttonl HORMN.

fle_: 180

Stw_lsrd devOst4on: S

Storttn 8 PoOhS of L(ne
fl_e of 14nez N

Intororrtvel tone dtetrObuttonz EXPOfIEHTIAL

flesh: 300

8toet4n e Po4nt of LOne
None of 14nel |

Xntererr4vol tins d4strtbut4ant HORI_I.

flsanx ?S

Studied dsvOot4oht S

FOrts1 Product fron Anaonbly L(no

Port rums: R

Cops©try _d 4n4tOo1 4nventory at the stock po4nt;

floxOn_n number of ports e_ stock posits 2000

|n4tOel nunbee of poets st stock po4nts 0

Don_cl 8took Po4nt

In • ffull systen t p_'t8 ire oeou_ed to be orcifersdj

_o4kt, e_d eh4plmd by ¢@rte, Tim stoekp44ntgs ¢_l_Ply
end deJ_md ere ©rooted,

_4ty _ 4_4%4el 4_snt_ ¢t the et_ pQ4_a

_ent ¢_t ©ope©4ty (_b_ o_ ports p4r ¢_t}s •

_nOtOol nunban- of _sr_s st dtnend stock IPoOnts 4

• InOt4sl ntmboe Of ¢orts St oupoly Stock 1_4ntl 4

Vshisls used to Ro_e coots be_uesn stock poOnts! TRUCI(2

flo_int_ tOM dOstribvtion! UftZF01t_

fl_xi_u_s 14

|u_ly Stork PoOn_
Pert nones P

In • IS_11 eyeten_ porto mrs eeeunsd to be orclerod,

nocl_j _ sh4_ed by sorts. T_ stock,s(rites sutsPly
encl clenond _'e crested.

Ce_ecOty end 4h4t481 (n_ht_'y ot the stock 1_)4fltS

r_n-rsnt e_-t copscOt_ (mmber of poets poe Oort)S 4

XhOtOO] f_mbsr of S_tS St domsl_d stock 1_4_tS 4

|rift(s1 _er of ¢orto et _ply stock po4nts 4

VehOels used to _ovs coots between stock poOntst TRUCK2

1_4n 0 tins d(etrObutOo_! LIHIF0/t_
fltn4_u_s 6

_xJ_s 14

D-3



ANDY-TAYLOR:>dwan>amps>model-8-stations.txt.1 3/15/89 09:05:47 Page 2

Supply Stock Po4ng
Part nanel H

Zn • pull syste% parts are assumed to be orderedj

_ednj and |happed by ceres. T_o 8tockpoants! supply
end denend arn created.

Cops=try and _n|taal Inventory st the stock potng!

Current =art copacaty (nunber Of perth per ©art)! 4

Znatael number of carts It denned stock poanll 4

ZeSt+el m_nber or aetna it supply stock poantl 4

Vehicle used to nave =arts betueen stock poantsl TRUCKS

flov4n Ittne distribution! UflZFORfl
fl|n4nuAs |

/_xanuml 12

Denned Stock Poant

Port n_el H

In • pull syet_, p_'te ore =8suned to be ordered e

nedem end shtpped by carts. Tun stockpotntnz supply
end de_and ore crested.

Capacity and |hanSel any=story at the stock poantz

Current cart =apactty (number or parts per Cart)! 4

Zfltt|il fNJnber or carts it cktnind 8tock pc|nee 4

Znatacl nuMIber of Carte et eugply stork poants 4

Veh4ole used to nave r_rtn betueen stock po_ntei TRUCK3

Rovan8 ttne daetrabuttonz UflXFORfl
fl|nln_t |

flax4n,.ml 12

|upply Stock Po4nt
Port n_e! [

Zn • pull =yetlm, pert= ere ==suned to be ordered.

nedem end chapped by acres. Tun etockpo|ntsl supply
end denned ere created.

Capocfty 4_d _nita=l any=story et the stock petntl

_PqP"g"_t oert ocpoc|ty (nambar of porte par tMH't)I 4

Zn(tael mmb_ of sort= ot dencnd stock pd4ntt 4

Znttaol mmber o¢ =errs =t eugply st=dr poant8 4

Vehacle used to nave c_.'ts betueen stock poantos TRUCK|

nova_J t|ne d|etr|butlem! UHZFONn
flantmm! I

ft,mxln_m8 12

Denned Stock PoSse

Port mmee l

Zn • p_11 eyeten, parts ore cesuned to be ordered.

nede, end chapped by ©errs. T_ etockDoaotet supply
end denencJ ore =rented.

Cepeetty and 4natael 4nvento_y et the stock pc(st;

_N'rInt OYt =CpnCaty (flt_tbor Or perte Nr ==rt)l 4

Znttael mmbor of ©arts at denend stock po4ntl 4

Znata=l mmber of =erteet _pply stock poantl 4

Vehtele used to nave carte betueen stock patens; 1RUCKI

novas 8 tins dastrabutaon! UIIXFORfl
flantnun_ l

_xamm_ 12

Supply Stock Poant

Port n_el |

]In 4 pull lyltl_, pirtl Irt eesuntd to be orderedj

1_edej end chapped by carts. Tun stockpointe! e_ply
end dented ere created.

D-4
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ANDY-TAYLOR:>dwan>amps>model-8-stations.txt.l 3/15/89 09:05:47 Page 3

Cepae4ty end 4nttI41 Inventory et the mtock point!

Current cart capacity (number or parts per cart)s 4

;nattel nunber of carts st de.end stock pc|nO! 4

Zntttal hunbcr or carte et mJpply stock point! 4

Vehicle used to move carte betueen stock potnt81 TRUCK3

florin9 t4ne distributions UltXFORfl
fl|nIflunl l

Haxanunt 12

|enond Stock Point

Port nones Z

Xn u pull eysten, porte ere assunad to 1:4 ordered0

node s end shipped by carts. T_ 8tockpoantst supply
end denend are created.

Capactty end tnttJal Inventory at the stock poJntl

Current cart tapestry (number of parts pap cart)! 4

ZnIta41 nuRber oP carte et clenand stock po4ntt 4

ZnJt_81 nu_bor of carte it gupply stock poIntt 4

Vehtcle used to _oue carts betvaen stock potntos TRUCK3

flouts O time distribution! UItIFOWI
fltnInu_l 8

flax4mumt 12

Supply Stock Point

Port honer O

Zn I pull syste% porto art aeluntd to bad ordered+

node+ end shipped by cert.. T_o atockpogntat supply
and denand ore created.

Cepactty end 4naris1 Inventory at the crock poIntl

Current cart Capacity (mmber or parts per cart)! 4

Initial mmbar Ot @arts at denand stock peafltl 4

ZnltIel mmber of sorts at supply stock peIngt 4

Vehicle used tO nova _N-ta betueln stock points# TaUCI_

Ikwtn I tins distribution! UI_FO_
H4 atrium 8 S

RexInUMt 14

Denamd Stock Point

Pert met 8

;n • pull system 0 porte ere sseunod to be ordered+

node+ end ehtpped by oort_. Too etockpoInt8! IWply
end denand ore created.

Capacity e_d 4nIt4al Inventory at the stock peIntl

Cub'set ¢ort eapo¢tty (r_mber of parts peP oart)l 4

|natal1 number Of carte at clenand stock re(nat 4
ZnigIal mmb4_ Of ©arts at mJlppiy stock polntl 4

Vehicle amid to _ove carte betvasn stock Faints! TRUCK2
flc_4nlJ t_ne dIstPIbutIont UIqIFORII

flInIn_m: S

floxImml 14

f_ply Stock Point

Perk nasal C

In a p_11 oyoton+ WOe ore oseuned to be ordered+

nods+ end shipped by corral. Tvo otockpoInte8 mupp1y
end denand ere created.

CepenIty end Initial Inventory at the stock point!

Currant cart tapestry (rmNbor of porte per cort)l 4

ZnItIol mmber of sorts 4t denond StOck poIntt 4
_nIt_O| _bor of carte tt supply Stock Points 4

Vehicle used to nose copra betueen stock Pelntll TRUCK$
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flc_4n9 tome d4str4butlon: UHIFORfl
fltnOm_: 8

HeK4nunl 12

De_4_d Stock Po|nt
Port n_ez C

Zn • pull system, porte ere assumed to be ordered.

made e and •hOpped by carte. Two stockpoOnts: ouppl V
• nd demand ape created.

Capac|ty and _nOtO•1 inventory at the stock po|nt!

C_i'rsnt Cart cepecOty (number of ports pit cart)! 4

ZnJt4•l number of carts It chmlnd stack poOntl 4

;nttO81 number or cirri at supply stock poOflgl 4

VehO©le used to nave carts betuaeh stack po4ntol TRUCK1

/5avOn 8 t|m• dtstrtbut|on! U_tIFORPI
fl|ntmu_! I

flax4n_mz 12

Pmd_ 8tack po4nt
Port ne_e: I

CapocOty end tnOtO•1 inventory at the stock point!

flaxtnum number of psrts It stock potnt: 2808

Xmaga41 number OP paPts st stock po4ntl 120

stock paths
Port me_e: |

CepocOty end On/S/s1 Inventory at the stock poOntl

llemam_m l_IJmber of l_l_tO It stock pOOmtl 2sell
lnOti•l mmber or pert• at stock poohs! 128

Ordered fren outo4de

Pert ne_el J

Cap•cOsy end raffia1 any•story at the stock po4nt!
fl4x_nt,_ _ OP pOrtO It otoek l)Oingt 10000

|nlt4•l mmbe_ oP parts ,t stock poOntl 10000

M411 Port J bo replemOshed d_rOn 9 the 84n_tst4em? flo

Ordered fro• outoOde

Por_ basel K

¢.ai_c4ty Imd 4n4tO•l 4nvtnt, or_ at the stock points

f14m41_._ I_tber OT p•rt8 It stock poOmg! 1lime

In|till number OP patti It stock H4mtl tiilliO

M411 Pert K be r•plohOohsd d_r4nj the 14muleg|cm? iS•

Ordered Prom outsOde

Pert name8 L

Cei_ecOty and On|t|•! Inventory •t the stock 11oJntl

fi4x4_ number oP perto it stock polntn 10800

:nOt•el nunt)er oP parts ot stock poSntn IOOQO

_411 Pert L be re_lenSohed dur(nlj the sS_uletSem? He

Zmmectt_ ItstOo_
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Siberian na_az ZNGP4

_e_a af tnspectorl ZNSP£CTOR

Mane or repetr_anl REPflZR.R/_

Mama of ple:m far o:rmp perta: SCRRP4

Znepect|on t|na d4agrebutJon HORMRL
flaan! 5E

Standard devea&4ons 5

Repa(r t4na dtatrtbuttonl HORflRL
Meenl 4M

Standard deveateons ie

Znspactton rata (batuaan 0 and l)z 1

ReJect (repair) rate (batuaen O end 1)z 8.2

_:#'4p rata (betuean 8 and 1)! e.S

Teak 8tat4on

|tat|on nana! TAGK£

Task tine deotrebvtton! HOR_AL

fleanl Silo

Standard deviation! 5

Task 8tartan

Station nena: TASK2

Teak ttna destrib_tton: HOI_IAL

Me_: 3go

Standard deveat|on: $8

Rsaanbly Statecm

Stot4on nanas RSSY5

Porto rtquarad fo_ mssenbly:

or pant I1: E

Ikmber or port lls 2

Reaanbly t4_ dtstrebvt44m: flORflP.L

Heane ISG

Standard dav4a_4on: S

Asaanbly Stattqm
Statton eerie: flSSYl

Porte Ptquered for aaaanbIy:

flap_ of pert Ill 0

I_nber or pert 11:2

Hanl Of part 821C

Ik_be_- of part l;: 2

RaaoAbly t4ne dtetrebutton: HORflAL
Re_t 311e

Standard daveot4o_: |O

flsaanbly S_attcm
St_teon nenaa RSSY$

Partm required ro_ aseenblyn

H_ of pert g|: D

/4_mb_- of pert |lu 4

Rstenbly t|_e dlsgrlbuglc_vJn flORrIP_

flaan: 3N

Standard deveotton: 10

0-7
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i _': |_._t4on noneZ RSGYID
parts requared foe assenbly"

_'i" /_l_e of part lls 1411_.bW Of pert Its 1

_' Rose_bly t4_ d4strabutaon: hORMRL

.:. Heo_: ?S
8tondard devletaons S

3/15189 09:05:47 Pa_e 6

Assembly GOat |din
Stem.ton none: luIsGY?

Porto requ4red for essenblys

148_o of pert all F

_ber Of part. I1 : 2

Bane of part 12: g

14_d_er of port 12x 1

flseenbly t4M dastrabut|on: 14ORPfRL
14tern, ?S

|ta_derd devtetaons S

flonufocturan 9 C411 -- Ir
Cell no_e: 14C2

Xtens requtred to sake the port F:

/lu_l:)or Of |_e_ types requ4reds 1

florin of lien |1, L
14v_ber of *toa_ I11 2

Sot_ tO_ fe_ • c*rt of porto• C0141;TRHT

Conltent s I

" 14onufocturarql ta_ for • perth NORflfiL

neon, te

Stendord devtot4one I

flenuf'eetve(n| Cell -- !
Cell _ene! HC2

Itlnl required to hake the part fs

14_mbcr of 4ten tlq:oo req_4rods 2

144_.m of 4t.es.I|: J
14t,n,_[_" elF' (tin I_l 3

114one of tten I2s I(

I_mber of (ton I2s 1

$e1_ t4,_e fo_ • oe_t of p*,-t-: C014STP,_?

C_tont t I

14_foct_.'Ono ti_e for • ports 140RI_L

14O4m i 10

Sto_lord devaotlon: I

P_mufoct_'On9 C411 m 1

Col 1 nest t 14C2

Xtens req_fred to _oke till port |:

14unbor of 'lt4_ types req_4reds :t
14one of 4ton Ils J

bber of 4te_ Its 2

14ei'_lOf _ten 128 I(

I1_mber of iron 121 1

Setup t4ne for • cart of parts! C014SIPJt?
Comltont ! O

flea.lecturing ta_e for • patti 14OR14RL
Jlee_ s S

|tende.'d devtet4ont 1"
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Manufoct.uran 9 _t11 _ Q

Ca I I no_t s 15C2

Irene requtrtd to cake the part G,

HLmber of' _tam typt8 requared, 1
Nan• or _ten Jill K

Hu_btr of 5te_ 1111 2

Setup Cant fOr • cart of' par;a! CONSTRHT

Cortgtant ! I

15enuf'actur4ng tt_e rot a Wta HORMAK.
lSeen s 18

Standard devaetao_s I

Rae.,uf'sc_..-4_9 C411 -- H
Cell niMtz NC|

Tttn! raqu4rtd to hike tht pert HI

M_mbtr of _ten types required! 1

ItaRa of 4te_5 |lt Z

rlu_btr of' 4te_ |it 1

Setup t|na for 4 cart of petal; CONSTANT

Constant; |

fl_f'acturanlj ta_e f'or a pert; flORfSFil,.

nea., 30
Standard dcvaataont 3

flenuf'ecturan 9 Cell u C

Cell nw: IIC|

_ten| rtqu|rld to _ake the part C!

I1_mbtr Of 4rein types requirtdt |
HiRe Of' 4f_atf_ tXs Z

Hunber of t(;en lit 2

Setup t|_e f'o_ • cart or part•= CONSTFInT

Co_ditent I t

15en_f'oct_'4nll t4ne for • Wts

fqe_= 80

|tw_ford devqetqem8 8
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ANDY-TAYLOR:>dwan>amps>gpss-8-stat;ons.lisp.2 3/18/89 02:04:38 Page I

101 ....,,.sts,tst,tst,,ts,8.s,..8.tsli,¢s,=t,ltlt .¢,=¢,t.ss,8¢tttt
110 8
120 8 Th|e 48 a B-otetlon8 _odel. 3,'15,'8g
130 I
14ii 8 .....................................................
$SO e

168 8 Th|o .[8 • GPSS pPo9ron 4utonit'lcllly cre*ted fron
1711 •

280 8 RtlPS * (Auton4g4c Monu_oct_T4n 0 Prosrl_n|_J |ygten)
190 :
289 8 developed ,st
218 8
224 8 The University of Aleber, e 4n Huntsville. 1986,
230 u
248 IlltlltillSlllttellltlllte$ltllttllJil8$$iStSt tlletSt$illSll8$8
250 SInULAT(

2[0 UHIFM FUNCTIOH AN1. C_
8,1_1,1
279 SNOi_ FUMCTIOM RNI. C2S
e, -SJ. egeO3, -4,,. eel 35. -3s. eGG21, -2. S.'. 02215. -2
• 0(,681 • -1 • SS • 1ISll?, 01.26.1SSGSj - 1#. 21186, * • I1#. 27426_ -. 6
• 34450, -. 46. 420?4, -. 2'% S. IIs. $7926, • ;2,".65442,. 4
• T2S?S, .G". 79814_ .8,".84134 D1,'. 08496j 1.26. 93315,1 .S

• 97?25, 26. 993?9, 2. S."• 9cJ86S, 3,'. 9ggglj 4,'2,5
280 WPDZS_ FUHCTIOM RHIjC24

9, i_.l, .I046.2,, _226._1, .3SSs. 4, . SOSs. S, .l_9s.&. • $15#. ?, 1.26.75,1.38
.8_ 1,6,',|4,1,05#. Oe, 2.12s, 9.2,$s.92.2.$2,'. IJ4j 2.01/. $5. 2,9_. 96. $.2
• ST, 3.5t. 90, $. $,'. 99, 4.6,". 96S, 5. $s. 990, 6 •2,'. 999, ?. O/. 9998, O. O
29e 8s8 flAZH PARN_ETERS its

300 PER11, FUNCTION RH1. D2
1, CHECK4, PASS
810 I_ER12. FUNClIO_ Item D2
O• 2, REPFLTR!1. PASS
624 PERtS, FUHCTIOM llttQ,D|2
0.5, SCRAPs1. PASS
_130 TTn(1 F'VRliIIML[ l* |IIFHSUIlZFR

$40 T I nF._ FVAR| RSL| e
IIS8 TI_ IrVflRI ROLE 18*11FH$$flORH
$6A 111¢114 F'VNII Mt_ i,,4|FHSUltIFI5
S?II vznk'5 FVMII_.I[ S* IIFI_$ 6_0_11
III TIRE6 FVRItlNN..[ S_ilFHtSNORfl

TTISL_ ITVfU_IFilfl.l_ 9SliIFHII4PII| i
4M Tzm[e FVI_I AII.E NO.I0i_$St_0Rn
411 TIK9 F_RIK[ SII* SIFtI$SMORH
4H TInl_ll IrVARIIti_E 480.18IFHJ 8H0_5

4U TI_11 FVAtlN_[ IN.Ss_tSU0tn
440 TI_(I_ FvRRIIII_ Ir " ?S*SIIrI_SNOI_
450 *.. KrIHZTI0_ OF mTtZW 888
460 PART nATtIW ,12,2
4;| STZn( MTIIW ,8,1
4811 STAR I'tRTR|N ,_8.6
494 ITIR[ NITNTW ,1j2

I61l_ RATR|W _1.S
518 IPERC IVlTRIW .1.S

5211 nT|HE IVITR_W ._,1
560 FGIS rlRTR|X .?.1
540 SCANT IVITRIX ,;,1
SS_ C_IT mTtTW ._.1

5711 CELL tIRTII_W ._.1
580 CSI_ rRRTR_W ,?.I
5H ITEII IIRTRTW ,I,S
681 .Be CAPACITY _ PARS & CRl_Y COUT_T[R8 o_8

610 I_I.A STORAGE 20e0
620 Pfl.F STORA_ 4
630 C/IRT.F STORAGE I
640 SCNtl'.F STOR_ I
6SO PA.H MORRO( 4
664 CNtToH |TONX_ O
6_8 SCMTN STONA_ II
681 P#[ 8T0_A_ 4
iN C_IRT.£ STORAG[ l
7110 ICARI.[ IiTORAG_ I
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710 PR.Z STORAGE 4
726 CRRT.I STORRG:_ 0
?3g SCRRT ! STORAGE 0
740 PA G STORAGE 4
?SB CRRT.G ETORRGE 0
?GO 5CRRT G STORAGE |
770 PA.C STORAGE 4
180 CRRT.C STORAGE II
?98 6CRRT C GTORRGE m
BOO PR_II STORAGE 2004
81g Pfl.D STORAGE 2080

A2g PR J STORAGE lONE
830 PR.K 8T ORAGE 10080
040 PA.L STORAGE 10000
0SO et 81181|8888SSleSeslelesllslllststtttlls$se

OGR 8 ][f_TZAL VALUES 8
O?ll 888_l$ReellllltSe885tell isel$851,e$,RsR$88

808 GEHERATE s, _ :L
RSA 8-s PART 29 8sl

900 I_AVEVALUE PART, IOmI_$PA.R ;the ]d aT part R t0 |O
910 I_;AVE_LUE PART`,2jlaSPA.F lthe td ar I_rt F 48 :_
920 PIRAVEMRLUE PART`,S, laEPR H ith8 td of. pert H t0 5
930 IM;AVEVALUE PARt,:IeI,$PR.E jthe ld of' pert E t0:1

940 I_R_IE_LUE PRRT,4, X,$PA.][ ;the td of' pert | t0 4
950 IISAVE_qLUE PART,?`,I,$Pfl.g ;the Id or pert 0 4e ?
9£0 NSRVE_ALU_ PART,S,I,iPfl C lthz Id or pert C 10 £
970 flSAVI[V_LUE PART,II`,l,$PA O jthe td or part | 10 1|
moo nSRUEWtLVE PflRT,12,1,$PR.D ithe 4d ar pert O 10 12
9YO PISAVEVALUE PART,$,I_$PA J lt_e td of. Wt J t8 $
1800 NSAVEV_.VE PMT`,O`,I,$PR K ltha |d af' pert I( t8 O
1010 elSA_EVALVE PMT, X,I,|PA L ;the 4d 8f" pert L |8 1
1020 e88 THE SZZE OF EACH CART 888

1030 N;AVEWtLU( ¢8Z ZE, 2,1,4
1040 HSA_/EVRLUE CSI' |E, S, 1, 4

18S8 flGAVEVN.UE cI1rEE, J`, 1, 4
1AM ItSAVEVRLVE CETtt`, 4,1.4

1071 AGRVEVP.LUE C|X2|, ?`, 1,4
11188 IIGAVEVN.UE CEXZE, S, 1,4
1050 888 TIIIT][At_ ZlIVEIITORY LEVEL RT EACH STOCK POXflT see

11i EHT Et CmV F. 4
Ilia EMTEll 8CNtT.F`, 4
11_J ENTER CNIToN, 4
11N ENTEIt SC_T oH`,4
1140 ENTEA CMT.E, 4
1150 ENTER _T RE, 4
IlM ENTER CMToT,4

11 _J EAT ER SC_T .X`, 4
1100 ENTEIt " C/tRY.il. 4
1100 ENTER SC_T.O, 4
t 294 EHT Ell PAt T.C: •
1210 ENTER I_IRT.C, 4
1220 ENTER lq1.O, tN
1210 EATER Pfl.D. 1N
1 =48 EMTEt J_. J`, 1 area
1 _ ENTER I_.K`, 10000
12H ENTER PR.L, 10001
1270 88e J_qKE 0t_ CART REA0V AT rd_ _flRHD ETOO¢ POX/ft' 880
12N LEPNE CART.F, 1
1200 ENTER PitF, ;_ICS][Z[(:I, 1)

13N LEAVE CNIT.H, 1
1510 EATER Pfl.X, 15)(t_CSZ2E(S, 1)
1329 LEAVE CMT .E`, 1
1_e ENTEr PlqoE, nX$CSXIE(8,1)
1340 LEAVE CMT.I, 1
1354 EItTEN Pfl.X, I_CSZZE(4,1)
1 $(di LEAVE CMT .0,1
1:170 ENTER PA.g, m(SCEZZ((?, 1)
1:1N LEAVE CRRT.C. 1
1390 EHTER Iqt.C,, rlxt CST=E(6,1)
14ge 888 ZTEIIS REOUXRE: TO IIAKE EACH F_T .88

1410 I_;RVEVALVE ;TEA,2,1,1 /part F requtre8 | port typa(8).
1420 N;AVEVRLUE ! TEn, :!, :t, 1 i pert L.

1400 HEAVEVN.VE !TEn`, 2, $o 2 l 2 uml r.(s).
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-%

!

1448
14_D
14G8
147(I
14N
14N
1588
1510

1529
15N
154O
15T_
15611
157R
1589

1599
168e
16111
1£29
1£34
164R
1£541
1668

1684
1£94
l?ee
171g
1728

11N
1T40
1?St
IT68
171e
1704
179e

18111
1828
I|N
111q

1050
I|IMI
IlDN
181m
185e
15N
19111
15:m
19N
194e
19g
196e
15;9
19ee

199e
2tee
2010
292e
211ee
284e
2O54
20_1
20PC
29O4
289O
2lee
2110

21Te
2140
21S4
2144

_SRVEVALUE ZTEM, S_I,I |pert H require8 1 pert type(e).
HERVEVRLUE ZTEM_SB2,4 | pert Z.
MSAVEVRLUE ZTEfljS,$,I ; 1 untt(e).
flSAV[PALUE ITEM, g,1,2 ;pert ( requires 2 pert type(e).
MGAVEVALUE ZTEfl. 3,2_9 ; pert J.
HSAVEVRLUE ZTEH, 3_3,2 ; 2 unitEs).
flSRVEVRLUE Z1EM, gb4_R i pert K.
hSRVEVRLUE ZT[flj3_SjI i I unit(i).

flSRV[VRLU[ ;TEMj4,1,2 ;pert Z requtre8 2 pert type(l).
NSAVEVRLU[ |TEfljaj2j9 I pert J.
flSRVEVALUE lTEfl, 4m9,2 j 2 untt(8).

flSAVEVALUE ZTEHj4e408 ; pert K.
flSRVEVRLUE ZTEfl_4jSj1 ; I untt(e).

flSRVEVALIX |TEfl,?,I,I ;port 0 requtre8 I part type(g).
flSAVEVALUE ZT£M.?_2w11 ; pert g.
nSAV[VALIJE IT£M:?,3,2 ; 2 unit(e).

flSRVEVRLUE ITEH, SeI_I |pert C r_qutreg I pert type(e).
flGRVEVRLUE ZTEfl_S_2_4 ; pert Z.
HSAVEVRLUE 2TC_6,11,2 ; 2 unit(e).

see STRTIO_ I;_RVIC_ TZIt£ 881

flSRVEVRLUE ST_flE_S,l_$TZ_Ell Irene o_ TREKS te TZflEll
flSAVE'Jflt.UE STZHE, 2el,ITIHE8 jttne of TASK2 4e TiffS11

flSAVEVN.UE GTZRE, S,I,$TZflEll ;ta_e ef AGgY5 el TIREII
flSAVEVALUE ST_RE, I,I,$T;_E11 ;tint e_ AGGYI _g T|flES
_6RVEVN.UE STIflE_3_I,STI_E| ;tang er RSSY$ 4e T_RE|
flGRVEVflLU( ST_flE, 8,1_ST_flE12 ;ttne or ASSY8 ts TZ/_12
AS_[VALLH[ ST_flE,?_laST_flS12 ; tlne o_ AGb_r7 4e T_flE12

see TZflE TO flOVE R CART 11ETId£Efl SUPPLY Arid DEHR_D POZ_T$ sea

flGAVEVflLU_ flT_flE, 2_I_$TZflEI ;nevan 9 tang or • cart or pert F to TZI_I
HSRVEViqLUE flTXHE. S,I_$T_flE4 ;novae 9 _ane e_ • cart ef pert H 4e TI/5_4
flGAVEVRLU( flTZflE_g_l. STZflE4 ;novae9 t_se ef • cart ef pert Ete TiffS4
flSRVEVALUE flTZfl(_ 4:1_illflE4 J north 9 tint of • CSrt ef pert _ ts T|N[4
flgAVEVflLUE HTII_[_?_I,ITIffE1 ;novae I tt_e or • cart er pert O IS T;15EI
flSAVE_qLUIE flTXHE_S_I_$TZI1JE4 ;herin9 tt_e of • ¢4rt of pert C 48 TZNE4

see GETUP Tiffs FOR A CART OF PARTS AHD sis
888 ARflUFRCTU_HG T|fl[ FOR A PiMtT 8#e

flSA_MLUE

flSAVEVflLUE
_SAVEVNLUE
Hr_qvEV_LUE
mmVt_LU_

mU_t_ALU[
flSm_'V_LUE
ISr_qVEVALU[
AS_Uk_LUE
MRVEVnLUE
_S_£UflLUE
nS_VE_nLUE

88, CELL MHER[ EACH
Hr_qVEV_LUE
A_q_'WL_E
nSAV_U_
RSAVEVflLUE
flSA_k_LUE

mVEVflLU(
8t_ flAflE OF F.AC_ STMIOH 888

CTIREe2, I.$TIIti[2 jeetup ttne for • c_'t ef pert Fte T]flF.2
CTII_.2,2:STIIIE:) ;mmuYeeturin R t]ne for pert ir to T|A($
CTIRE.S,I.$TIRE2 /setup tlne Tar • tort ef pert H to T=fll[2

CTZI_,S.2_iTTRES ;_ecturan 8 tane for Wt H 4e TTNFA
CTZRE, 11:I,STTfllE2 ;setup tt_e for • _t of pert E 40 TTRI_t
CTTISE,$_2,ITTHE$ lt'_turtntl ttne for pert [ to TIHEI
CTtlSE,%I, ITIfl(2 le•t-p ttne for • oort or Wt ][ (e TIRe2
CTIRI[_4,2_$TIRE5 ;nenufecturan 9 tent for pe_t ][ ts T|RES
CTIRE,?,I:$TIRE2 Je*tup t_ne for • tort of port 11 as T=ISE2
CTIA_,_,2, STIRE3 ;nenurecturan11 t_ne for pert g ts TIRE3
CTIRE,£,I_STIRE2 ;e*tup ttne fo_ • tort of Wt C t0 TIRF_
CTIA[.¢,2,JTIRES ;n.nu¢ecturan R tf_._ for Wt C 4g TIRE6

PART IS HAX eee

Ct_LL,2,1,$nc:2 ;pert F '0e n4de M necJ'ltN "J5C2
Ctt.LeS, l,$15©l ;perk H (e m_le on m_h_ml tiC1
CELL,:D, IjJflc2 Jpart E 4e nac_ oat nec_ane RC2
CELL_4,1_IflC2 JWt ; tg _de (m necking 1_2
CELL_?,I,$1¢2 jl_'t I; to cede _m _echa_e AC2
CELL,6,1, J_Cl ;We C le _ede Im ne4::h4_ 15(:1

flSRVEVALU( gTfW,4,1jS|HSP4 lthe Id er etetto_ IflSP4 4e 4
flSA_/EVt_LU( 8TAM,£,I_STA_S Ithe td ef stetaon TASKS te 6
nS_EVAI.U_ STAfl, 2,1,$TRT_(2 ;thl td of_ e&.etton TASK2 lID :_
flGA_k'VALU( STIIWI:S,I_$RSSYS ;the 4d Of' e&.etaon _SYS to S
I_sAvr_LU( |TMI_I_I,$R$SYI ;the 4d e& etetton A_Syt 'Is 1

flSAVE_qLU( STAH_$jI,JASSY:J ;the td er 8tetten RSSY3 4e |
flSf_/I[VALU( STAM_11,ljgASSYO ;the |d ef etatton _gSYO te 8
flGAVE_/ALU( STAJI,?_I_$Af;SY? Jthe 4d Of' tertian A$SY? 4e Y

8,, I_S_CTTO_ STm:TO_ ][I_DEX eea

nSRVEVALUE STAH_ 4, 2,1 I the
8_. IHSPt[CTZ0_t STATZO_ aug

II_VtVALUE II_RC_ 1,1,11_Rll
flSAVEVALU( IPEftCj 1_ 2, $1_Rl:t
flS.q_'V/_.U( lilaC, 1, 2, $J_tl3
flSA_U(
fl$_LU(
m;A_p.Lu(

4ndex ef 4nspectton etetto_ 2HSP4 te I

la_Poeettem rate ef X_SP4 as 1

frel_ar rate of X_SP4 as 0.2
f ecrep _ste e_ xHgP4 40 11.$

ISTR, I,Ij$InSP[CTOR ;4nspector O_ XHSP4 4e lm;eECTOR
ZSTA, I_2.$tEPAIRH_H ;repetrnen e_ XNSP4 te ItI[PAZRHAIt
_S_A,I._$SCNiI_4 ;ecrepped |ten_ O_ XHSP4 ere gent te S_tRP4
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%

2170

2180

21_

22N

221Q

22_

22_

2248

22_

22_

22_

22_

22_

23M

2318

23_

23_
234

23_

26U

23_

23M

23N

24m

2418

24_
24N

244R

24_
24_

24_

24_
24_

2SH

251g

2Sn

_N

2641

26_

2SN

25M

_N

KM

241|

26_

26N

2640

36_
2_dl

26N

26N
26N

27W

2_Le
2_e

27N

2_

27M

2T_

2TM

28N

2e1|

2oN

nee

2AM

28_

22_

28N

,5RV(VRLUE ZTZ_(.IIlmSTZME9

MSRVEVRLU£ ZTI_E_I_2_$TZ_£11
_8_ PART (ZD) REOU_RED RT EN_H SIRT;0_

_SRVEVALUE

flSRVEVRLUE

HERVEVRLUE

nSAVEVRLU[

_$AVEVALU[

_6RVEVRLUE

_SAVEUflLU(

_GAVEVALUE

HSRVEVRLU[

RSRVEVRLUI[

_SRVEVRLUE

KSRV_/RLU(

nSRVEVRLUE

ESRVEVALU[

_6RVEVRLU[

_8RVEVflLU[

ESRVEVm.U_

_SRVEVRLU[

RSRVEVALU£

888 SUPi_Y IYSTER OF

ASRVEVALUE

RI;AV_VALUE

m;RVEVALUE

RSRVEVRLUE

RSAVEVALU(

jfnepsctton tins o_ £flSP4 |s TIRES

)repsir tins or |/_P4 46 TZnEl|
888

STAff, S,2,1 |stst_cm RSGYS requires _ pert type(a).

6TRN, S,$,3 ; pert E,

STRfl, S, 4,2 ; 2 untO(s).

STAR, I,2,2 j stat_o_ RSGYI reclu_ree 2 part type(s).
STA,.I.$_I1 ; part |.

8Tfl_,1,4,$ ; 8 unit(s).

6TAfl_t_Sj6 ; pert C,

6TR_.1.6:2 ; 2 u_it(s).

8TR_,3.2.1 ;s_st]on RSSY3 rewires 1 per_ type(s).

STRfl, 3,$_12 J pert |.

STR_4_4 ) 4 unit(8).

STRH, 8,2,1 ! etettOh flSSYR rtQu|rel I part type(s).

6TRfl_8,$sS I part H.

STAR. O.%1 ; I _et(s).

STAN_I. 2.2 )seaters RS6Y? rtwtrel 2 pert type(a).

STReeT:So2 J pert F.

STAH_ 7,4,2 l 2 _mlt(s).
STRH_7,S.? ; psrt _.

$TA_.7,6_1 ; I umtt(e).
EACH PART eat

PMT.IB. 2. I ;p_t _ _8 _n push _ade

PN_T,2_2. O ;part Fle in I_11 node

PNtt,5,2,8 ;part Hte ]n wll nods

PRRT,3,2,e ;p_t E _e tn I_11 node

PMT,4,2, O ;part Z 48 tn I_11 node

R6AVEVflLUE PRRT,?_2_9 ;part Ote _n put1 nods

flSRVEVRLUE PRRT,6.2, R Ipart C (e 4n I_11 node

_SAVEV_LUE PMT_11_2_I ;part B |s in push node

N;RVEVflLU( PNtT.12_2,1 ;pert D 48 4n I_sh _ode

flRAVEVRLUE PART)g.2.1 )part J 42 erdsf'ed fre_ _atsed_

ASRV_VALUE PMT_O,2,1 ;part K 48 ordered fr_ o_tm_de

N;AVLrVRLUE PRRT. 1.2_I ;part L Je ordered From o_ts_de
t88 CART COUNTER RT EACH DESTZ_RTX0_ s8|

I_AVEWILUE CMT.2.1.$CMT.F

RSR_EVRLU_ CMT.S,I,$CMT.H

RSRVEVN.UE CNtT. $.I. ICMT.|

I_AV_VALUE CMT.4_I. ICMT.Z

I_RVEVRLU_ CNET.?,Ie$C_To0

us CRAT ¢OUmER AT SOURCE #_t

HS/_N.U_ SCPJtT_2,1,$SCART.P

I_NEVALU_ $C_RT, S,I,tRCMT.#

I_VEV_LUE SC_RT,S0IoSI;C_NT[

I_RVEV_LUE SCRRT_4, I,$1;CMT.Z

I_RVEVRLUE SCNtT_?,X.ISCRRT.8

RSAVEVflLU_ $C_AT_$,I,$SCNIT.C
88# UHIRLYGZG$ 10 _0_ P_TS su

RSAVL_RLU( FilIO. 2. X. ITJlUCK| ;pi_'. F i! tronspo_ttd I1_ TII_ICI_

RSRVLrv_.U( FGZ0, S,X.ITRUCK_ ;part Hte treneperted by YRUCX|

flSAVEV_t)E FOZG. B0I_$TRUCKI ;pert E iS trenspoPtad by TRUCK1

HSRVEVIELI,_ FG|G_4°1_$11h_ /pert | |s tr_mswted by TRUCIC2

II_RVL_VI_._[ F_Z_. ?,t,ITI_JICK2 ;pe_r. ; 4e trip, sported by _llt_i_l_

I_tl_U[ FeZOoe. 1oITleUCK1 ipart C _e toe, sported by TRUCKI

TENnZNM[
188tlllllllmll$leeSJllltlllllllllllllt8

8 RSSEIq0_¥ LIA_ ¥

tttlllllllllllllllllllttltlllllttllllll

6(NEI_T[ VITI_£11

ASSZ_It 2.5 i ltatlcm Ste itr_'Y$

TRA_SF(R SBIt, ASR, RTRI_

RSSI{_M 2,1 ;atlteO_ I 41 TICK6

TtNSSFEI SM, TRI;_°NTIml

EHTER Pfl.l,l
T[RnZ_T|

88ttlttlStltlltllltlStt888ttSllllltll18

. ASSENILY LXNE
l181tllltlllltllllllliittil181188181888

_EH_RflTE VSTXnE_

,$TGIt t.l ;ttett_ I 16 _;_'Y_
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2909
2918
2929

2930
2940
2950
2950
29T0
2999
2998
3090
3910

3029
3038
3949
3050
30U
3O?8
3089
309e
3190
3118

3129
3130
3140
3150

3168
317t
3100
3150
3280
3219
3229
3229
3240

3250
32N
32N
32N
32N
3394
3310
3329
3329
9Sq
3350
33U

3378
$3M
3398
3494

3419
343tl
3429
34'¢Q
3450
34611
3478
349e
349e
3SN
_519

353O
_549
3550
356G
3S78
33N
35g4
3t4_
U||

RGSIG_I 2. :E
TRF_HGFER S_R, Tl_;_e RTRHI
R$SI_t 2,3
TRRHSFER SLit, RS_. RTRfll
ASSIGI1 3.4
TRRHGFER S_R. I_SP. RTRM1
EHI ER fit A, 1
TERHINRTE

J•tetlon 2 (• TR_;K2

jot,teEn 3 to R$SY3

;•tartan 4 ta IHSP4

8|t80888|t88881888588tOOEOOO$OO88888858

• P.GGEHBLY LXHE Z
S8Bt|S8551888ttEiEJEtE$|88SSSlE$|$1t888

GEHEILqTE U_TIRE12
REEZ_I 2.T /•ration 1 |e A85Y?
TRRHGFER SEIt.lkS_,RTRItl
RS6ZGII 2.3 /stetlo_ 8 4e ROSY8
TRRHGFER S_I_,H_:d'I,RTRI_L

E_TER Pfl.|_|
TERH]ltRTE

tellllll•llltttSlell•tetltlltSttileelelSetteetttlleeSfellllteliell

8 IllS_CTZOH STRTXOH t
8111|/llll|8Sllllll|tl||lllt|llll|l|lllil|llll||it18||lS_881881|Jl

IHEP RSSZGH 3.11_STN_(P2,2) ;]nop. •t•tton
RESIGN 4:Ig_ZP_RC(P3,1) ;Inspection rate

RGEZOH S, IM$ITXHE(P3.1) ;tin• for Inspection
_SSXGH _,MHSX11flE(P3,2) ;ttmt for repair
_I_UE IEXSSTNI(P2,1) |count entering parle
DEPRRT HI_STiiWI(P2.1) ;and pan

TRR_$FER .FI_4 ;to bt checked?
CHECK GOEUE flX$_STA(P3,1) ;volt on th_ tnep. facility

TA[ZZE HX$ISTH(P3,1) |seize the 4nap. foc414ty
_(PRRT _;STA(P3_I) ;leave the 4nap. que_

RDUR_C_ VtS ;|n•pectln| perk
RELEASE H_|STH(P3_I) ;releue the lnep. recI1Ity

ASSIGH 4,151_XP(RC(P3_2) ;repair rata
TRRHGFER ,FI_4 ;to be rtpeIrtd?

REfitXR _JEUE flX$|STA(P_+3) ;veil on repaIrIn9 f_cI14ty
G(IZ[ IIX$_STA(P_.2) jseIee the repeIrln 9 qecI141r_
_(PART RWSISTA(P3,2) jlae_e the queue
_]_V_t_ _li |roHIr_q pitt8

I_L|R3_ IqlI_|GTR(P_,2) jretteea the ratPeIrIhO _e¢414(1_
/t_|IGH 4.19_|PEIIC(P_, 3) Jeorep Pate
TItNtSFER _FI_4 J4o pert wolM_d?

PflSS TRI_SFE9 P.RTEffl,l l_|nIeh Inspection a_d r_tw-fl
SCRflP OU_l_ RXSZSTA(P3,S) JCO_mt ecreEped I_rte

_PIWT m_S|STA(P_,9) lend I_ee
TERflI_TE ;terrible the trenm_tIcm

TRS_C nSSIgel
ASSZgel
OUEU_
SEIZE
3(PRRT

flDUNIC(
RELEASE
TERIISFER

ua.8...e.e.s•.•.......**8.su.aeet88astuesen....s...s....t..
8 TASK SIRT_OH •
868tlilliEi188•O|iiti9830|8|||8|||888889868|l|88986386838|8|888

9,n)(JSYJ_t(P2.X) l_J_t of the t_mk staticm
6,JSX$ST|flE(P2,1) /tilde fo_ ope_otItm
I_1 lt*e4t Cm tht f_414ty
Pl /ee4•e tht f_:i14ty
P9 /leev_ the q_e_
Vet ;pe_f_n optret(en
I_ /release the f_414ty

P, RTRI11, I /finish end retu_'n
8t•ttlltllllllJltllJlltJlJlJlllJlJlllllllJl••18111111111818811111

• AS(;E_BLY 3TAT|Off 8
8ttftttttllttltltttlttlltttttlttttttttttlttttttlttttttttlttSttttl

ASH fiESta1 $,IEXISTI_N(PI, I) InO_l of th• oration
I_;iItlt Y, IIXI|1AH(p_,2) ;no. or p_rt type• requIrN
RSSIGH 6,11XISTIH£(P2.1) ;oslanbly ti_e
_SI_ 9,1 ;|l_lllx _er pert. tyl_41

ASSICH 9,_ i lnde_ fo_ u_tto or Wt
9UEUE P3 ;vOlt _ the fe¢41tty

PIqO _88I_I 0e,2 ;pO|nt tO next type

_|I_t 9",_ ;point tO next no. of u_It4
ASSISt S, BXJSTAfl(P2, PO) ;part 4d
II_Igl_ IO,_XSPART(PS, I) inane er p_et

ASSISt 39, HX$STRtI(P2,1_I) ;m_d_Ir of _tte or
OUEUE Plt jve(t tO tit I_rtl
TRAHSFER SOR, TAKI[P, RTRH2 ]t tt pertL
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374g PUSH TEST

3?50 LEAVE 310. P2g

87N TRRNSFER P: RTRH2.1

077_ PULL RESIgn 30. MX$CMT (pS. 1)
0?N TEST GE SalE, P20, ME[OC

879e HINUSP LEAVE :IOjP2O
380e SPLrY 1. US[P

3810 TRAMSFER P. RYRN3.1
0029 flEEOC RSSTGN 20-.S110
3030 LEAVE "10, G"10

3048 PLIT 1, USEP
3eS4 TEST GE S*_0.1
3S68 irRV E t 30

0870 ENTER siS, MX$CS|ZE(pS+ 1)
3880 TEST K S_10, P20, NE[_
38N LEAVE 81e. P_
3988 SPLIT 1, Ut;EP
3918 TRANSFER P. RTAN2.1
3929 USEP TEST G S*III,,0.,,F.JsPTYC
3934 TERnI_TE

3940 EI'IPTVC SPLIT I+ORSERI
$95A YEST GE SIN, 1

3968 LEAVE •30. 1

3979 ENTER a Is, flx$ CSIZE( PS, 1)
_98e TERnI_qTE

39N ORS(t1 _SISH 26._$p_ZS(ps. 1 )
4018 ASSI_q li;, _8 flTlNg(p_. 1)
4010 OUEUE P2S
4R_NI SgI E[ P2S
41311 KPFLqT P24
4040 _N_CE qu _1_
4S_ R_LEA_ P]l

4068 $Pt.I T 1, MTIF
4ii_1 ASSI r_l 12,PS

4tOe ASSIGN IS. mC$SC_t (lIPS. 1)
409e GETIC TRANSFER SH. NFS.RTRN3
41SE ENTER •IS, 1
411o TERNZmT[

4120 SETIF RSSIG/1 31,NI45SCNtT(Imj, I )
41N OUEUE I_JS

4148 TEST _ $=_II. I
41M LERb_ t_ll.1
4168 gEP_T P_I
41;ql SEMIF" OUEUE P2S
4lee SEIZE p,_
41 ee _PRR r P2S
4_ UVA_CE V8_
4010 RELEASE P_S

42211 E_TER '3i, 1
423g VEOAZmYE

3130 DEPART PlS

3S40 LOOP _,PAD J leave the queue
3SSg SEIZE P3 ;eece_ved oll porte TOg'd?

;sef•a gh4 fO_f|fty
3618 DEPART P3 j|eeve the queue
30_1 RDQAflCE VeS

;Ossenbiln 0 porte
3S0O RELEASE P3 ;release the fe©fllty
3590 TRR_GFER P. RTRKI. I
3708 lreturn to the ©ell(_J statement

IIIfllfll|lll$lSSllO$lOlStllSlllllltlSlS|SSStllllllSttlllllllll
3_10 • I_VE_TORY CO_TROL

3_20 8818838138•8glllllgll|•$188||ltlllStZlt1838•8|$•l|ll|lll_l|_•:

3730 TRKEP TEST E flHSPART(PS, 2)jl,pU_L |Pull or push mede?
Ssl8. P2S ievetleble ). Peq'd

iteke un4te requested
Jreturfl

Jqml Of @era for the part
;evmtleb10 )* ee(lueeted?
_tike t_|tl riqulitl_

;e_9na! use of pe_te

;Peqveoted ° euetloble : unfilled
/take remaining
/atonal use of porte
;any full ears evoileble?
/take I 04rt
Jhake parts eveeleblo
;e_eilebte )= unfilled?
;asks unfilled unite

felons! use af pertg
/return
;check _f cart enptv
Jternine|m th_ tr,noaotton
te/OnOl to order
levy full sort avail•b1•
J take I ¢_t

Jnake Hrte 4uoll_bJl
/tAt_nfnate the tee_eecti_n
Jmm4 of the vehicle

;nOVtno tins
l_lt on th4 vehicle
;setze the vehicle

.|lionel the m

l_i_ the enpty e_t
/_eTeoee the vehtele

latona1 to _et o full Sort
J_sJOn p_rt td
JeeefOn hone ef the cart
;orde_ • sort of pe_to
Jr_ce_o • Sort
t terninate the trade.salem
;index fe_ • full Oe_t
;k_It o_ • full e_t

J vlhethe_ • full o4_t le •uetltble
i take I ee,"t
J |mere the qa_ue
JV41,1t In the _hiete

/e else the vehlele
lie•re the queue

/nov•ms the full e_'t
J_nleooe the veh_ele
tfncreene te,vemteeV I_ I cart

420e f_SISN 14,HX$CrlnE(P12,1)
4290 _SSZsN 14.flXJCTInE(P12. 2)
43ee 0UEUE P10

4318 _GSZOfl _._$CSIZE(P|2.1)
432/I CRRTO ASSIGN I?,/_$ITEfl(P12.1)
4330 A_|IGff |_O
4340 I_|;GN S,I

430_ PARTS ASSz_ 1%3

4240 8szemszeseemasmetses ....... Jtermlnett the tre_eo©t/o_
+''llllll81181ltllllllllllllltllllllllll

43M • MNUfACTUeIH¢ CELL4268
42_ Sllllllleeellllllltllllltltlleelellllllllllelllleleelllllll:

I_+ MSIGN 13.HXICI_L(p|2,1) J ne_e of menuf. H11

J Setup tins Bf • e_t
jmmuf, tin• e& • Wt
J veft e_ the fee41(ty
1_. of porte th • lore
Jno. Of ttenO IYlNI Pl11'd
I index for item IVY4
itndex fOP unite ef (ten
J l_tnt to ne_t t)4)e
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436E RSSIGII 9%2 ;po4nt to next no. of' unfte

437g RSSIGM 50/lX$ITEM(PI2. Pe) ;4d of' the 4ten req'd

438g RSSZGH 10.,X$PN_T(P3.1) ; nine or the 4ten

4390 RSSZgfl 2g.MX$ZTEn(P12. P$) |ue14te of' th4 |te_ req'd

448e 0UEUE Pill |u44t on the tte_

4410 TRNtGFrR SBR. TRKEP, RTRN2 ;let 1tens

4420 DEPART Pll i leave the queue

44N LOOP I?0PARTO j loop f'or next 4ten type req'd
4448 LOOP ?,C_RTO J|OOp for n4txt part t,o be node

44_ FRO Sl[Z][E Pl_ |Sitilt the ¢ec/14ty

4461 DEPFL_T P|$ j leeve the queue

44?8 RDVflHCE t)814 |let up flc41(ty

4411 RDVRNCE VIHTTNE j nanuf'ectur 4n 0

449g HT|NE FVRRZRBLE VsIGIMX$CSZZE(P1201) ;_nuf.ecturtnO ttne

4SN RELER_ P15 |rlleelm the fectltty

4518 TRFi/tSFER Pa liT RN3,1 I n4nuf.ecturtnl ©o_plete
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